


SECTION 19 - SITE 12, AREA 10 IMPOUNDMENT

••rill'"

19.1 Site Description

'Site 12 is located within Area 14, which is a manufacturing area on the

south side of the lake (See Figure 19-1). Munitions loading activities occurred

in Area 14 in the past. Many of the buildings have been abandoned or

demolished, but a few industries continue to operate at Area 14. The area in

the vicinity of Site 12 is currently occupied by Diagraph-Bradley for the

manufacture of printing inks, stencils, stencil boards, and marking pens.

Historic aerial photographs indicate apparent impoundment activity in Area

14 east of the presently occupied buildings in 1943. By 1951, the

impoundment had been taken out of service and the area was partially

vegetated. The aerial photographs show what appears to be an aboveground

tank situated in the middle of the former impoundment area. The access road

*' is still visible in the 1951 photographs. Photographs from 1960 still show the

tank, with the surrounding area completely grown over with vegetation. The

access road appears unused in these photographs. The next set of aerial

photogriaphs represent 1965 conditions and indicate that the tank has been

removed.

The site is currently a circular dry impoundment with a diameter of

approximately 100 feet. The interior of the impoundment is presently

overgrown with trees with trunk diameters of 8 to 10 inches. The

impoundment walls are about 6 feet high and the north wall was breached

between 1960 and 1965, according to the air photos, to allow drainage to flow

from the impoundment to an adjoining field. Several black oily pools are

evident in and around the basin. Other bare patches of black sediment and

tars are located around the basin floor.
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19.2 Site Investigations

19.2.1 Phase I Site investigations;
'"' •«!•'' '

One composite soil sample (0-1 ft depth) and one composite sediment

sample (0-1 ft depth) were collected. The sediment sample was later

resampled for full priority pollutant analysis. The scheduled water

analysis was canceled because the site was dry at the time of sampling.

19.2.2 Phase II Site Investigations:

No samples were collected in Phase II.

19.3 Analytical Results (See Appendix I, Page 12)

TOC levels in soils and sediments ranged from 12,039 to 16,673 mg/kg,

while TKN concentrations of 369 to 2,267 mg/kg were detected. The results of

the FID screening were 16,934 ug/kg, resulting in the collection of an

additional sample for full priority pollutant analysis. The volatile and

semi-volatile organics data for Phase I are questionable due to QA/QC

deficiencies or unreliable support data (see Exhibit B). The positive

detections reported are thus estimated values and some compounds which were

not detected may in fact be present. N-nitrosodipher.ylamine was detected in

the sediment at 2,174 ug/kg wet weight. Small concentrations (less than 1

mg/kg} of other base/neutral extractable compounds (phenanthrene, pyrene,

fluorene and anthracene) were quantified in the sediment but were present

below the detection limits.

19.4 Environmental Effects

19.U.1 Qualitative Assessment
***..••

This site was chosen for investigation based on a history of

munitions activity at this location. Historical aerial photography reveals
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that the site was utilized as an Impoundment as early as 1943.

Concentrations of TOC, TKN, and FID were detected In soils and

sediments", : but were consistent with those of the control sites.

'N-nttrosodiphenyfamine was detected in the sediment sample, at a level

higher than at any other site at the Refuge. N-nitrosodiphenylamine

(NDA) has produced a carcinogenic response in laboratory tests with

animals, thus, it will be considered as the site indicator contaminant in

the quantitative assessment for humans and wildlife. As a conservative

measure, the level of NDA detected in site sediment (2,174 ug/kg) will be

considered as two times this level (4,348 ug/kg) due to deficiencies in the

Phase I laboratory analysis.

In addition, trace base/neutral extractable compounds below 1 mg/kg

detected in sediments included phenanthrene, pyrene, fluorene, and

anthracene.

19.U.2 Quantitative Assessment

Humans

During the Phase I investigation, the only elevated contaminant of

concern was N-nitrosodiphenylamine in the impoundment sediment, at a

level of 2,174 ug/kg. Since the impoundment is currently overgrown with

trees and is also surrounded by a berm, it is unlikely that a complete

pathway exists for any human exposures to this contaminant source.

However, in order to provide some framework for the upper bound risks

that could be posed by chronic exposure of a site visitor to residues of

this magnitude, the following scenario was analyzed.

It is assumed that a human visitor to the site might ingest an

average of 100 mg of impoundment sediments as a result of direct contact
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with the material. It is also assumed that the sediment contains 4,318

ug/kg of N-nltrosodlphenylamlne, twice the level found in the single

sediment sample analyzed, in order to provide a conservative upper bound

on the residue level in the absence of more sample data. Exposure at this

level would result In an average intake of 0.435 ug

N-nitrosodiphenylamlne per visit. Assuming a 70 kg adult such as a site

inspector or Refuge employee might visit this site roughly three times

yearly over a lifetime of 70 years, and using the EPA carcinogenicity

potency factor of 0.005 (mg/kg/day)~ (Exhibit A), an excess lifetime

risk of cancer of 2.5 x 10~ is estimated. Given the upper bound

assumptions employed in this assessment, and the consideration that

"acceptable" risk levels are construed as levels below 10~4 (USEPA

540/1-85/060 1986), this represents a negligible level of risk.

Wildlife

The detection of N-nitrosodiphenylamine in a soil sample analyzed in

the Phase I survey of this site also presents a mechanism for exposure

for terrestrial wildlife via the direct contact route. The levels of exposure

would be greatest amongst small mammals as a result of inadvertent

ingestion and inhalation of contaminated soil residues and dust during

daily burrowing, feeding and grooming. Thus, the risks of direct

contact of these species to site nitrosamines residues were assessed. The

risks to larger and/or less sensitive species, or to those which have less

contact with soil residues would be lower. A search of on-line data bases

(Pollution Abstracts, Biosis Previews, NTIS, HSDB) did not identify pub-

lished studies on the effects of N-nitrosodiphenylamine on pertinent

wildlife species. Therefore, tests with surrogate species (i.e. laboratory

rodents) are used in the assessment below.



Using a breathing rate of 0.006 m3/hour for an active 30 g mouse

(USEPA ECAO-CIN-477, 1985), and creation of a 10 mg/m3 dust

containing 4.348 ug/kg N-nltrosodlphenylamine during one hour of daily

burrowing, a daily chronic inhalation exposure of 0.0087 ug/kg/day is

obtained. Exposures via the ingestion route due to consumption of

contaminants in soil or vegetation are estimated at 0.041 mg/kg/day using

an ingestion rate of 5% body weight or 1.5 g food/day (10% soil, and 90%

vegetation containing 1% of the soil concentration). These exposures are

calculated assuming levels in soil at twice the measured concentration of

contaminant. Thus a total daily exposure rate of 0.041 mg/kg/day is

estimated for small burrowing animals from inhalation and ingestion at this

site. Using the EPA carcinogenicity unit risk factor of 0.005

(mg/kg/day)" for N-nitrosodiphenylamine (Exhibit A), developed on the

basis of rat studies, the total estimated daily chronic exposure would

-4result in a risk leveJ of 2.0 x 10 . The significance of this exposure is

discussed below.

As discussed by Newell et al.(1987), concerns regarding the effects

of cancer on wild populations are largely unknown, and risk levels of

concern to humans are not directly transferable to wildlife. Many other

factors come into play when addressing whether a wildlife population can

maintain itself (i.e. survival to reproductive age, competition, weather,

disease, predation, etc), and the effect of cancer, generally forming later

in an exposed organism's lifetime, might thus be very small. On this

basis, Newell et at. (1987) chose a risk level of 10~2 as a level of

acceptable carcinogenic risk for wildlife, with the acknowledgement that

more study is needed to justify this choice. Using this rationale, it is

concluded that wildlife exposure to site residues of N-nitrosodiphenylamine

are well below the level which could result in a carcinogenic response.
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Additional review of the literature on the effects of

N-nitrosodiphenylamine to wildlife is presented In the Toxicological Profile

for N-nitrosodlphenylamlne (ATSDR, 1987). Using the subchronic no

observed adverse effect tevel of 150 mg/kg/day for oral exposure of

laboratory rats to N-nitrosodiphenylamine derived in this review, and a

safety factor of 10. a wildlife ADI of 15 mg/kg/day is derived. The

estimated exposure of 0.047 mg/kg/day for burrowing rodents at this site

is well within this acceptable intake level.

19.4.3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

history of munitions activity on the site, aerial photography, site

inspection, and sample analyses. A visual survey of the site included

black oily pools in and around the basin. Black sediment and tars were

also observed on the basin floor.

Chemical residue information consisted of analytical results for

surface soil samples. The soil sample represented only the top one foot of

soil; deeper soil borings and ground water monitoring were not

conducted. Since contamination of the site occurred possibly through

surface spillage of waste, soil and sediment contamination would most

likely be found at the surface. Since there is no evidence to suggest that

the surrounding soil or sediment has been excavated or otherwise

disturbed, these samples should adequately represent the conditions of

the site.

The quantitative risk assessment was performed under a worst case

chronic exposure scenario of lifetime exposures and considered only the

single data point available for a " soil sample in which
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N-nltrosodiphenylamine was detected in the Phase I survey. This result is

onty °>ualjtatlve|y reliable due to Insufficient QA/QC supporting the

analysis. In addition, the residue concentration detected was doubled in

the risk calculation to provide a more conservative outcome. This worst

case approach resulted in risk levels that provide an ample margin of

safety for protection of potential human and wildlife receptors under the

conditions assumed.

19.5 Preliminary Remedial Alternatives

Preliminary Phase I screening results discussed in the previous section

indicated that this site does not contain contaminant levels that would result in

a negative environmental impact. Therefore this site was not included in the

Phase II investigations. There will be no further evaluation of remedial

alternatives, and this site will not be included in the FS.

19.6 Conclusions and Recommendations

It. can be concluded that the Area 1M Impoundment site does not represent

a chemical exposure risk to human or wildlife receptors at the Refuge or at

other locations. No further evaluation is recommended for this site.
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SECTION 20 - SITE 13, AREA Ht CHANCE HOUSE

\«&s
2.0.1 Site Description

Site 13 is located southeast of the active Diagraph-Bradley buildings in

Ansa 1M (See Figure 20*1). Further Information on Area 14 can be found in

Section 19.1. Site 13 consists of the site of a building which was demolished

sometime between 1971 and 1980, according to aerial photographs from those

years. The site is presently an open field covered with tall grass. Formerly,

it was the site of a "Change House" where workers changed their clothing

after working in the adjacent bomb-loading buildings. At one time a company

named CTI (possibly Chemicals and Technology, Inc.) manufactured explosives

and other chemicals in this building, according to the Refuge Manager. Other

industries may also have occupied this building. The change building was

located across from the bomb-loading building on a plot of land just southeast

*««,<'' of the intersection of two roads on the north edge of a big dirt mound. The

concrete floor of the Change House is under this mound, according to the

Refuge Manager. Aerial photos show another building (no longer present)

further east of the corner; field inspection revealed several half-inch

reinforcing rods imbedded in concrete near the corners of the building.

20.2 Site Investigations

20.2.1 Phase I Site Investigations

A magnetometer and electromagnetic terrain conductivity survey was

conducted over a 250 ft x 200 ft area, with grid spacings of 25 ft

centers. The results of these surveys are shown on Figures 20-2 and

20-3. No magnetic anomalies of any s'gnifican. were noted, indicating

""*"' that there is no buried metallic debris at the site.
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Six composite soil samples (0-1 ft depth) were collected along
%«.!''

north-south transect lines (Figure 20-1) and screened for priority

pollutants, metals, cyanide. Indicators and explosives.

*

20.2.2 Phase II Site Investigations

No additional sampling was done in Phase II.

20.3 Analytical Results (See Appendix I, page 13)

The geophysical surveys did not indicate that major buried articles are

present. The soil concentrations were consistent with those detected at the

control sites, although these concentrations were estimated for screening

purposes only (see Exhibit B). No organic compounds were detected with the

exception of delta-BHC in one soil sample (69 ug/kg), which was slightly over

'"I"*11' the detection level.

20.4 Environmental Effects

20.4.1 Qualitative Assessment

This site was chosen for investigation based on verbal accounts

regarding a history of munitions activity at this location. There was,

however, no history of the disposal of wastes and the historical aerial

photography review as well as the geophysical surveys did not reveal the

existence of a was te disposal area. The absence of a waste disposal area

was further supported by the results of the Phase I sampling. On this

basis, it can be concluded that there is no "source" of waste materials for

on-slte exposures or for migration to off-site locations.

"""""" Because there is no established waste source at this location, it is

not possible to have a "complete" exposure scenario. Therefore, on the



basis of the Information generated. It can be concluded that the site does
''<tMII»'

not represent a risk of chemicaf exposure to potential human or wildlife

receptor*. ,_

».,
»

20.<.? Quantitative Assessment, ~~~— —

Because a complete exposure scenario could not be Identified In the

qualitative assessment, there is no basis for preparing a quantitative risk

evaluation.

20 .A .3 Analysis of Uncertainties

The major information relied upon for evaluating this location was the

verbal accounts of activities on the site, aerial photography, and site

inspection. The verbal accounts suggested that the area could have

'""—"" wastes on It, although the use of the area for waste disposal is not

indicated.

Chemical residue information consisted of analytical results on

surface soil samples. The soils sampled represented only the top one foot

of soil; deeper soil borings and ground water monitoring were not

conducted. It appears that the ground was disturbed during the time

that the change house was demolished. The surface soils could have been

moved around or dirt hauled in to cover the building foundation. Surface

sampling would be adequate for determining that there are no

contaminants on the present soil surface, but it would not be adequate

for identifying munitions contaminants present or. the soil surface (no*

possibly buried) that *ere exposed at the time the change house *as in

""""" use.. Therefore no conclusions regarding subsurface conditions could be

drawn exclusively on the basis of the residue information. However, the



geophysical surveys did not suggest the presence of unexplained

subsurface metallic anomalies.

It can be concluded that the data generated are adequate when

- considered In light of the fact that there was no known history of waste

disposal at this location. Residues related to the changing of uniforms

soiled during munitions loading activities would have settled on the

surface soils of the area. The surface soil sampling program would

therefore be an adequate means of locating and identifying munitions

related chemical residues.

20.5 Preliminary Remedial Alternatives

Preliminary Phase I screening results discussed In the previous section

indicated that this site does not contain contaminant levels that would result in

a negative environmental impact. Therefore this site was not included in the

Phase II investigations. There will be no further evaluation of remedial

alternatives, and this site will not be included in the FS.

20.6 Conclusions and Recommendations

It can be concluded that the Change House site does not represent a

chemical exposure risk to human or wildlife receptors at the Refuge or at other

locations. No further evaluation is recommended for this site.
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SECTION 21 - SITE 14, SOLVENT STORAGE

' Hani,*''

21.1 Site Description .:

Further information on Area 14 and Dlagraph-Bradley Is presented in

Section 19.1. Linseed oil and various solvents are handled in bulk and in

drums. Some of the bulk solvents noted were: T25 Xylene, T8 Diacetone

Alcohol, T9 Diethylene Clycol, and T18 Methyl Cellosolve. Several compressed

gas cylinders are also present. At least two drum storage areas containing 50

to 200 drums were also noted. Spill containment facilities are minimal. Site 14

is a drainage ditch adjacent to the active manufacturing operations of

Diagraph-Bradley (See Figure 21-1). The ditch receives runoff from a

manufacturing area where solvents are handled in bulk and in drums. The

ditch runs north parallel to the road west of the buildings. Process water

, , from the Diagraph-Bradley buildings enters this ditch from a standpipe.

21 .'.I Site Investigations

2_1__.2_.1 Phase I Site Investigations

Two composite water samples and two composite sediments (0-1 ft

depth) were collected. One sediment composite was resampled for full

priority pollutant analysis.

21_.j_.2 Phase II Site Investigations

One composite water sample and one composite sediment sample were

collected by the drum storage area (See Figure 21-2). The Phase II

samples were analyzed for purgeable and base/neutral/ acid extractable

...... organics.
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21.3 Analytical Results (See Appendix I, page 1Q)

21.3.1 Phase I Analytical Results

Tht volatile and semi-volatile organlcs data for Phase I are

questionable due to QA/QC deficiencies or unreliable support data (see

Exhibit B). The positive detections reported below are thus estimated

values and some compounds which were not detected may in fact be

present.

Chloroform was detected in the water samples at 11 and 43 ug/L,

which was above the ambient water quality criteria for human health of

0.19 ug/L. Iron and manganese levels in water (600 and 180 ug/L) were

above the Federal MCLs and Illinois Public Water Supply Standards, but

only the manganese concentration was above the Illinois General Use Water

Supply Standard of 150 ug/L. Iron and manganese standards are based

on concerns for taste and color, such that the levels detected are not

indicative of any site risks. Bromodichloromethane was also detected at a

concentration of 5.0 ug/L. Subsequent to an FID screening of 36,70«

ug/kg, one of the sediment samples was selected for CLP organics. This

sample contained trace organics below the detection limits or at levels

consistent with those detected at the control sites or in the QA/QC

blanks. N-nitrosodimethylamine (95 ug/kg wet weight), methylene

chloride (657 ug/kg wet weight), and acetone (188 ug/kg wet weight)

were among the compounds which were detected.

21.3.2 Phase II Ana ly t ica l Results

Analytical resu l t s for the water sampled showed 123 ug/L chloroform,

as well as traces of acetone («3 ug/L) and bromodichloromethane (23

ug/L). Methylene chlor ide was detected in the water (3-15 ug/L) but
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afso In the QA/QC blank. The spike recoveries for the CLP analysis in

water were outside of QC limits. All parameters were below the Federal

MCLs and IMInols State Public Water Supply Standards, but chloroform

- exceeded the AWQC for human health of 0.19 ug/L. The sediment

contained 4-methylphenol (273 ug/kg), bls-(2-ethylhexyl)phthalate (270
-*'

ug/kg), dl-n-butyl phthalate (1680 ug/kg), acetone (6180 ug/kg) and

methylene chloride (676 ug/kg). No other organtcs were detected In the

sediments; however the volatiles were analyzed outside the holding time

and the seml-volatlles were outside the QC limits for spike recoveries.

All other parameters were detected at concentrations similar to those

detected at the control sites.

21.0 Environmental Effects

21.«l.1 Qualitative Assessment

21.0.1.1 Source Evaluation

As discussed in the preceding sections, the Solvent Storage Site is a

ditch which receives effluents from an active manufacturing facility. Its

upgradient proximity to Crab Orchard Lake creates the potential for

offsite contaminant transport to the lake. Several compounds were

detected in ditch water and sediment including N-nitrosodimethylarr.ine,

methylene chloride. acetone, U-methyl- phenol, phthalate esters,

chloroform, and bromodichloromethane. Of the contaminants in water,

only chloroform exceeded Federal water quality criteria.

The physicochemical and toxicological properties of site contaminants

of concern are summarized in Exhibit A. The detection of

N-nitrosodimethylamine in ditch sediments is significant due to concerns

that It might be carcinogenic in humans. However, the residues detected
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are of the same order of magnitude as detected at the control sites, and

art not supported by QA/QC data. For these reasons,

4""l>" N-nltrosodlmethylamine will not be considered further In this risk

-assessment. Dl-n-butylphthalate was detected In sediments but will not be
v •

used as • site indicator parameter since It was also present as a

laboratory contaminant. In addition, dut to its small size and Intermittent

dry periods, the ditch does not apparently support significant population

of aquatic organisms which might be exposed to phthalates or other site

contaminants. The volatility of chloroform and bromodichloromethanc

compounds from water is high and It is highly unlikely that these

residues would persist for a sufficiently long period of time to be trans-

ported offsite (Callahan et. al., 1979). For these reasons, chloroform and

bromodichloromethane detected in water at this site were not chosen as

site indicator compounds. In contrast, methylene chloride was detected in

both water and sediment matrices and thus, although it may be highly
* •»»•''

volatile from water, its presence in sediments will result in its persistence

in the stream. It should be noted that methylene chloride was detected

at very low levels in the water column as well as in the water blanks; it

was not detected in the QA/QC blank for sediment.

Due to persistence, relative residue levels, and concerns for

toxiclty, methylene chloride was chosen as the site indicator contaminant.

V.ethylene chloride is of concern due to its ability to induce damage to

several organs in animal studies, mutagenicity, and evidence suggesting

that it may be carcinogenic in animals. Available data show a low degree

of toxicity in aquatic organisms. Although methylene chloride may also be

formed during the chlorination of plant effluents, it is also a major

, industrial solvent. Its presence in the ditch sediments at this site in
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relatively Ngh <xx>c«ntrattons suggests that It may have been discharged
'•': *' '

a s * wasU solvent. . - ? - : • • - .

«£ -;•> \ . n -

• . » * * - . » "
.-• 21.4.1.2 Transport Route Evaluation ,. <. i: •: .

;- .̂r— --- - - ^ - '.

.* Th« site Indicator contaminants have be«n detected only In the
•'?:-

sediments of the drainage ditch, to view of the high water solubility of

methytene chloride, residues In water might be expected. However,

methylene chloride is also very volatile from water and may evaporate

immediately under site conditions after discharge or desorption from the

sediment.

a) Air; Due to the high volatility of methylene chlorWe, the airborne

exposure route is functional.

b) Direct Contact: Due to the presence of sediments containing site

contaminants In the ditch, the Direct contact pathway is considered

functional.

c) Surface Water: Even though site indicator residues were not

? detected in the water column in significant levels, their presence in

sediments creates a functional pathway for offsite transport via

surface runoff.

21.4.1.3 Receptor Evaluation

Human

Given the industrial nature of the site and non-populated

downgradient land, the human receptor population will b« limited to

facility employees, site intruders, and, potentially, occasional hikers

In downgradiert areas.
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a) Air Route: Since methylene chloride residues may volatilize from

the ditch sediments and water. It is possible that site employees or

Intruders In the Immediate vicinity of the plant may i» exposed to

methylene chloride vapor.

b) Direct Contact; Given the size of the manufacturing facility and

the probable volumes of aqueous discharge, standing water will

probably almost always be present in the ditch. Therefore, the

likelihood that human receptors will come into direct contact with

contaminated sediments is virtually nil, and this route is judged to

be incomplete for human exposure.

c) Surface Water Route: Due to the rapid volatility of the site

contaminant from water, human exposure to site contaminants

transported off site are not probable, and this route will not be

considered further.

Wildlife:

The most likely wildlife receptors to be exposed to site indicator

residues include terrestrial wildlife in the immediate area of the source

discharge, and downstream aquatic organisms which may inhabit the

drainage system. Due to the small size of the ditch. It is subject to dry

periods and therefore is not likely to support a significant aquatic:

population.

a) Air Route: As with human exposure by this route, any terrestrial

wildlife in the immediate vicinity of the plant discharge may be

exposed to vapors of methylene chloride. The lack of exposed

contaminated Ousts will minimize inhalation exposures to dust-bouncl

contaminants.
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b) Direct Contact; Benthic and bottom-feeding aquatic organisms may

be exposed to site contaminants In the sediments of the drainage

system downstream If sediments are transported offslte by surface

runoff.

c) Surface Water; Since site Indicator contaminants were not found In

the water of the ditch, wildlife exposures by this mechanism will not

occur.

21.3.2 Quantitative Assessment

2T_ .0 .2 .1 Estimates of Release and Exposure

a) Air Route: The qualitative assessment determined that the air-

exposure route was potentially complete for humans and wildlife in

the immediate vicinity of the source discharge due to the volatility of

methylene chloride detected in sediments. Methylene chloride residues

detected in the water column of the ditch were low, approximately 15

ug/L. Without data on the total volume of contaminated water at this

location, an estimation of the steady state air concentration of

methylene chloride is not possible. It is most likely that volatilized

material will be immediately diluted to non-detectable levels and

carried offsite by wind.

b) Direct Contact: The qualitative assessment determined that the

direct contact route was complete for benthic and bottom-feeding

aqujtic organisms living downgradlent In the site drainage system.

These organisms may Inadvertently Ingest site contaminant while

feeding within the sediment. Data on this ingestion rate were not

located. For the purpose of this assessment, it is assumed that a

benthic organism (i.e. annelid, insect tarva) ingests 1 mg sediment
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p«r g body weight. This would result In a dally Intake of 0.7 ug/kg

m«thylen« chloride; the significance of this exposure is discussed in

th« quantitative assessment.

c) Surface Water; The surface water exposure route Is complete for

aquatic organisms Inhabiting the drainage ditch. Methylene chloride

was detected at 15 ug/L, these site residues will dissipate rapidly

from the water by evaporation, unless continuously replenished by

plant discharges. The quantitative assessment will consider the

potential risk from these residues.

2H.2.2 Quantitative Risk Assessment

Humans;

The qualitative assessment determined that the only complete

exposure route for humans at this site would be acute or ^ub-acute

inhalation exposure of plant workers to methylene chloride at levels

which in all likelihood are below the limit of analytical detection. The

health effects of methylene chloride are produced by chronic

exposures and the acute toxlclty of this compound Is quite low.

Therefore, ft is concluded that short-term, acute exposure to

methylene chloride residues which may exist at this site pose a

negligible human risk.

Wildlife:

As reasoned above, exposure of terrestrial wildlife to airborne

residues of methylene chloride poses a negligible risk due to the low

levels of contaminant present. Aquatic organisms dwelling in the

ditch downgradient of the source discharge, if any, may be exposed

to concentrations of methylene chloride on the order of 15 ug/L,
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without accounting for dilution of this contaminant In downstream

areas where the ditch Is somewhat larger. This concentration poses

,. no concern for acute toxtelty> .aJthough data on th* chronic effects

. ~r" . of methylene chloride are lacking. Downstream dissipation of residues

^ would rapidly reduce chronic risks. If any, from methylene chloride

exposure.

21.4 .3 Analysis of Uncertainties

The principal areas of uncertainty are whether there is the potential

for a viable benthic community in the drainage system in the absence of

potential toxicants, and the potential low level, long-term effects of

methylene chloride.

21 .5 Preliminary Remedial Alternatives

The contaminants detected in the site investigations Included volatile and

semi-volatile organics. Methylene chloride was present in both the water and

sediments in the ditch, making this contaminant the most persistent. However,

the levels In water were not considered to pose a risk to humans or aquatic

organisms (If any may inhabit the ditch) in or In the vicinity of the ditch.

Du« to the detection of some volatile organics in water at levels above the

AWQC. and the proximity of active manufacturing areas, periodic monitoring of

ditch waters might be conducted. Attachment 1 details a Monitoring Program

whkh might be implemented. The monitoring activities together with improved

housekeeping practices in the area could provide adequate protection of the

environment and humans at this site. No further evaluation of remedial

alternatives will be considered.

21-9



21.6 Conclusions and Recommendations

It can b« concluded that the Solvent Storage ditch does not pose a risk

to potential animal or human receptors, although Improved maintenance

practices in the area might be observed. The sediments and water were found
. j

to.contain methylene chloride but not at levels which would pose a threat to

exposed populations. This site will not be considered further In the FS. A

monitoring plan for volatiles and semivolatiles in water is included as

Attachment 1.
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SECTION 22 - SITE 15, AREA 7 PLATING POND

27.1 SKe Description ?

^ Site 15 Is a pond located within a wooded rise to the sooth of Area 7 (See

Figures 22-1 and 23-1). The pond reportedly received plating wastewater from

previous Olln operations at the site. An inlet pipe is located on the northern

side of the pond. There does not appear to be any outlet. The plating pond

has dimensions of approximately 50 feet x 30 feet, and is termed to about 5

feet above the water level. The water in the pond was estimated to be about

*» feet deep at the time of the inspection. Frogs were observed in the pond.

22.2 Site Investigations

22.2.1 Phase I Site Investigations

One composite surface water sample and one composite sediment

sample (0-1 ft depth) were collected. The composites consisted of four

grab samples, one from each corner of the pond. A downgradient

monitoring well was installed to a depth of 15 feet in clayey silt and'was

screened over an interval of 5-15 feet.

2 2 . 2 . 2 Phase II Site Investigations

A ground water sample was collected from the monitoring well

installed in Phase I. The purpose of this sampling was to determine if

contaminants present in the pond have migrated to ground water. Due to

an oversight, t*o piezometers which were scheduled for thl$ site were not

installed. One composite sample of pond sediment was collected for total

ar>cJ extractable chromium analysis. The purpose of this analysis was to
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determine If the pond sediments represent a source of teachable chromium
' '

or exhibit the characteristic of a hazardous waste.

. . .

**-•-? .3 Site Hydrogeologlc Characterization

M.2.3.1 Site Geology

Based on results of the test boring procedure, the subsurface

unconsolidated overburden consists of a medium to dark brown clayey silt

with some fine sand as was identified in Boring 15-4. This material is

present from the ground surface to at feast 15 ft. In depth (total depth

of boring). Bedrock was not encountered in the boring and therefore

depth to bedrock and bedrock lithology is not known. As only one

monitoring well was installed, the lateral extent and variability of the

overburden is also unknown.

22.2.3.2 Site Hydrogeology

Shallow ground water occurring beneath the site was found at a

depth of 2 to <.5 ft. below the ground surface within the clayey silt soil

unit during June 1987. The monitoring well installed screened this upper

water table. Ground water elevations collected during the winter and

summer of 1987 (wet and dry seasons, respectively) indicate a water table

fluctuation of 2.5 ft. with water levels dropping during the summer

months (Table <-3). Figure 31-4 Illustrates the monitoring well location

-.. J»nd the ground water elevation of 18 June, 1987.

!•* * •

.- :.r* '•'- . ^ • '

2^2.3 Analytical Results (Se« Appendix I, Page 15)

"""" j?2.3.1 Phase I Analytical Results:

The pood water analyses did not Indicate the presence of

contaminants at concentrations above Illinois General Use or Public Water



^ .....
Supply Standards' buf Iron (1006 ug/L) exceeded the Federal MCL of 300

ug/L, Tfte MCL for Iron was based on aesthetic concerns, however, and
— . »

does not represent a rfsk to human "health or the environment-"" The sedl-
' * . . - . - . •.'i.'.ii-
•-'•' merit. contained 508 mg/kg chromium, but chromium was not detected in

"^ tht water. The metals concentrations detected were estimated for

screening purposes (Exhibit B). The phosphorus fevel was somewhat

elevated (1621 mg/kg) In the sediment. The pesticide alpha-endosulfan

. was also detected In the sediment (811 ug/kg), but not in the pond

water.

72 .3 .2 Phase II Analytical Results:

EP Toxlclty chromium in the extract from the pond sediment was

below the detection level of 0.05 mg/L, less than the 5.0 mg/L criteria

for EP Toxiclty (40 CFR 261.24). The sediment analysis for total

chromium was not completed due to an oversight in laboratory scheduling.

The ground water contained total and filtered chromium of 15 and less

than 1 mg/L respectively. Filtered concentrations of arsenic, cadmium

and fead were below detection limits 'In the ground water and thus were

within the Federal and state standards. Total metals concentrations were

also within the standards; total arsenic and lead were 7.6 and 22 ug/L,

respectively, and total cadmium was below the detection level of 5 ug/L.

No volatile* or pesticides were detected, but PCBs were detected at 0.01

ucj/l which Is above the AWQC for human health. AM other concentrations

In water were within the Federal and State drinking water standards.

22.4 Environmental Effects

22.4.1 Qualitative Assessment

This site was chosen for Investigation base<J on Its history of use for



receiving spent plating wastewater. Since there did not appear to be an

outlet from the pond, the only viable transport mechanism for migration of

contaminants off-site was ground water.

Phase I Investigations detected traces of chromium, phosphorous and

alpha-endosulfan In the sediment, with chromium and alpha-endosulfan

exceeding the typical Refuge background levels. However, the pond water

analysis did not indicate the presence of contaminants at concentrations

above Illinois Public Water Supply Standards. Supported by Phase I

results, the EP Toxicity test for chromium in the Phase II resampling of

pond sediment, was below the detection level. The levels of chromium and

cadmium in ground water were below Illinois Public Water Supply

Standards, but unfiltered arsenic and lead levels were slightly higher

than the standards. The filtered concentrations for arsenic and lead

were below the detection limits. Trace PCB concentrations were detected

In the ground water, but the results were questionable since PCBs were
\«»l. '"

not detected in other samples from the site or from adjacent sites, and

past land use activities in the area do not support their presence.

Human activities in this area are limited to occasional visits by

authorized Refuge personnel and persons using the storage buildings in

Area 7. The plating pond is located in an elevated area of the site,

removed from the roadway, and restricted by dense vegetation and a

barbed wire fence. Therefore, human exposures would be of a

short-term, non-chronic nature. Under present conditions, it can be

concluded that the site does not represent a significant risk of chemical

exposure to either humans or wildlife; however, some remedial action may

be warranted to permanently decommission the pond.
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22.^ .2 Quantitative Assessment
'"^•inM^ - - " - -

Because a complete exposure scenario could not be Identified in the

qualitative assessment, there Is no basis for preparing a quantitative risk

evaluation.

22.^.3 Analysis of Uncertainties

The information relied upon for evaluating Site 15 included a history

of plating wastewater discharge to the pond, a site inspection and sample

analyses.

Chemical residue information consisted of analytical results on one

composite surface water sample and one composite sediment sample. Since

contamination of the site occurred through the discharge of plating waste

into a pond with no outlet, the area of contamination is likely to be

'*""' limited to the water and the surrounding sediment.

It can be concluded that the data generated and tne review of

historical information are adequate for evaluation of the remedial

alternatives for this site. The sampling analyses indicate that the site

does not contain contaminants at levels that would be detrimental to

human health or to the environment.

2 2 . 5 Preliminary Remedial Alternatives

The analytical results and risk evaluation presented in the previous

sections Indicated that this site does not contain contaminant levels that would

be detrimental to the environment or to human or wildlife receptors. However,

since the pond is no longer active, remedial measures for closure will be
...--

evaluated as part of the FS.



22.6 Conclusions and Recommendations

ft can be concluded that although the plating pond site does not

currently represent a significant risk of exposure at the Refuge, further

evaluation is recommended as part of the FS to determine options for

permanent closure of the pond.



SECTION 23 - SITE 16, AREA 7 INDUSTRIAL SITE

-. ^

23.1 Site Description

Area 7 consists of a complex of 33 Identical buildings over an area of 55

acres which have been used for a variety of industrial purposes during the
':.i"

past forty years. The buildings are arranged In six rows, each of which were

at one time served by a railroad siding. Most of the buildings are currently

used for dry warehousing purposes. However, three buildings are used by

Pennzoil for waste oil recovery and recycling operations. Black residues are

noticeable around some of these buildings. Two other buildings are used by a

refurbisher of mining equipment. Black residues are also evident around these

buildings. A drainage channel runs from south to north through the site.

Site 16 consists of the area in the vicinity of the five identified buildings

and the drainage ditch (see Figures 22-1 and 23-1).
">«...••

23 .2 Site Investigations

23.2.1 Phase I Site Investigations:

Two composite surface water samples and three composite sediment

samples (0-1 ft depth) were collected from the drainage ditch. Nine

composite soil samples (0-1 ft depth) were also collected from those areas

which exhibited black oily soil residues in the vicinity of several

manufacturing buildings. Three samples (one sediment and two soils)

were resampled for full CLP organics analyses.

23.2.2 Phase II Site Investigations:

To define the areal exter of contaminant migration, one composite
x*-. •

surface water and one composite sediment sample were collected from the
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drainage ditch at locations downstream from the Phase I locations (See
• .,'

Figure 23-1). The Phase II samples were analyzed for magnesium, lead,

arsenic, purgeables, pesticide/ PCBs. and base/neutrals/acid

extractables. The purpose of these analyses was to determine If surface

residuals from the Area 7 buildings were migrating along the ditch toward

Crab Orchard Lake.

23.3 Analytical Results (See Appendix I, Page 16)

23.3.1 Phase I Analytical Results;

One of the two water samples from the drainage channel contained

low concentrations of organics including chloroform (77 ug/L) and carbon

tetrachloride (66 ug/L). The detected volatile compounds were above

the AWQC for human health of 0.19 ug/L for chloroform and 0.1 ug/L

XM.,,'' *or cart*>n tetrachloride but not above the corresponds criteria for

aquatic life protection. Both samples contained magnesium (25 and 36

mg/L) and manganese (340 and 70 ug/L). No parameters were at

concentration* above Illinois General Use Water Standards, but

manganese levels were above the Illinois Public Water Supply Standards

and the Federal Drinking Water MCLs. Manganese levels are not present

eit concentrations which would pose any concerns for public health. Two

s.oils and one sediment selected for CLP organics contained trace organics

(estimated concentrations below the detection limit or, in the case of

acetone, detected in the QA/QC blank). The organics detected were, on

a wet weight basis, acetone (318-782 ug/kg), N-nitrosodimethylamine

(not detected to 115 ug/kg), crysene (not detected to 153 ug/kg),

>»_.-• pyrerie (not detected to 356 ug/kg), fluoranthene (not detected to 389

ug/kg), and low microgram levels of other base/neutral compounds.



possibly due to the oil spillage Indicated by the black residues. Most of

th« organic* detected were estimated values since the reported

•""""' concentrations were below the analytical detection limits, tn addition, the

-. volatile and semi-volatile organics data for Phase I are questionable due to
»

QA/QC deficiencies or unreliable support data (see Exhibit 8). The

positive detections reported are thus estimated values and some

compounds which were not detected may in fact be present. Metals

concentrations are estimated. All other concentrations in soil samples

were consistent with those detected at the control sites.

23.3.2 Phase II Analytical Results:

Acetone and methylene chloride were detected in the water sample

but at levels attributed to blank contamination. Aldrin (0.17 ug/L) and

dieldrin (0.54 ug/L) were present at concentrations below the Illinois

Public Water Supply Standards but above the AWQC for humans and for
'•*.«.»''

aquatic life. Holding times were exceeded for the volatiles analysis, and

1:he recoveries for duplicate and spike samples were outside the QC limits

for the volatiles and pesticide analyses. The dissolved magnesium

concentration was 26,300 ug/L.

Traces of volatile compounds, including chloroform and

chlorobenzene. were found in the sediment, as well as 1600 ug/kg

di-n-butyl phthalate. The latter was also detected In the QA/QC

method blank sample. No other organics were detected. Magnesium (958

mg/kg), lead (13 mg/kg) and arsenic (10 mg/kg) were detected in the

sediment sample.
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23.* Environmental Effects

, 23.Q.1 QuaHtative Assessment< •* — - •

This site was chosen for Investigation based on Its past and current

use as a site for storage activities, waste oil recovery, and recycling

operations. Observable black residues, possibly originating from oil

spills, suggested that this site might be a source of waste material. The

drainage ditch provides a viable mechanism for transport of potential

contaminants.

Phase I Investigations detected chloroform and carbon tetrachloride

in one water sample from the ditch. Both water samples contained

magnesium but not at concentrations considered to threaten wildlife or

affect human health. The soils and sediment samples from Phase I did

not contain any contaminant concentrations that were significantly above

Refuge background levels. Phase II data support the Phase I results;

traces of aldrin and dieldrin were detected in the water sample but were

below Illinois Public Water Supply Standards and Federal drinking water

standards although above the more stringent AWQC for these parameters.

Magnesium was again detected in the water but not at levels that would

represent a concern. Magnesium, lead, and arsenic levels in sediments

were similar to the concentrations found at the control sites.

Di-n-butylphthalate was detected but was also present as a contaminant

in the QA/QC blanks. N-nitrosodimethylamine was detected in Phase I

but at levels similar to those at the munitions control site, or at

approximately one half the levels determined to be acceptable for

potentially exposed human or wildlife receptors at Site 17, Section 2H.H.

The sampling results from both Phase I (upstream) and Phase II
**»*•'

(downstream) did not indicate any evidence of migration of contaminants

off-site. Since trace contaminants were detected, the presence of a waste
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source may be justifiable; however, the small Intermittent ditch does not

support significant aquatic life, and human visitors to the site are very

rare because the area is used for long-term storage and not for

-j day-to-day Industrial operations or residential purposes. Potential human

exposures at the site might consist of occasional visits for 2-3 hours for

purposes of loading or unloading supplies to storage. Since no receptors

at the site could be exposed to chronic risk levels, and the levels of

contaminants do not represent a risk for acute (short-term) exposure, it

is not possible to have a "complete" exposure scenario. Therefore, on

the basis of the information generated, it can be concluded that the site

does not represent a risk of chemical exposure to potential human or

wildlife receptors.

23.4.2 Quantitative Assessment

,(| ,, Because a complete exposure scenario could not be identified in the

qualitative assessment, there is no basis for preparing a quantitative

risk evaluation.

23.3.3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

site inspection and the sample analyses. Black residues were noticeable

around the buildings on the site, suggesting that they may be a source

of contamination.

Chemical residue information consisted of analytical results on

surface water, sediment and soil samples. This information was obtained

only for the top one foot of soil; deeper soil borings and ground water

.,,,><_i,. monitoring were not conducted. Since any contamination of the site would
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have occurred through a variety of spills and leaks during storage and

loading rather than through excavation and burial, the area of

contamination would be limited to the surface soil and sediment. The

samples collected should adequately represent the conditions of the site.

It can be concluded that the data generated are adequate for

evaluation of the remedial alternatives for this site. The sampling

analyses indicate that the site does not contain contaminants at levels -

that would be detrimental to human health or to the environment.

23 .5 Preliminary Remedial Alternatives

The analytical results discussed in the previous sections i-dicr"? that site

constituents have not migrated and thus do not represent a risk for offsite

transport of contaminants. The low levels of constituents found do not

..„ /represent a threat of exposure to humans, aquatic life, or terrestrial wildlife.

However, due to intermittent storage activities in this area, it is recommended

that a follow-up monitoring program be conducted. Attachment 1 details the

frequency and sampling plan recommended. The parameters of Interest for

monitoring in water include volatile organics (chloroform, carbon

tetrachloride), semivolatiles, and pesticides (aldrin, dieldrin).

23 .6 Conclusions and Recommendations

It can be concluded that the Area 7 Industrial Site does not pose a risk

to humans or wildlife. No further evaluation in the FS is recommended,

however, a monitoring program for volatiles, semivolatiles and pesticides in

water (Attachment 1) might be implemented.



SECTION 2< - SITE 17, JOB CORPS LANDFILL

2»>.1 jSite Description

Northeast of the Refuge Water Works is a ten-acre pond created by the

Job Corps in the mid-1960s (See Figure 24-1). Attention was brought to this

pond In early 1985 because thirty or more geese carcasses were found floating

on the water or littering the shores. Some of these carcasses were relatively

fresh while others were in various states of decay. The Fish and Wildlife

Service has completed extensive analyses of these carcasses and has ruled out

a variety of potential chemical causes although a definite conclusion was never

reached. The "Job Corps Landfill" was discovered while investigating the

geese kills.

Site 17 is comprised of the pond and adjacent one-acre landfill located

north of the pond in a wooded area. The area contains widespread debris,
l

such as bottles and can?, which do not appear to be buried deeply. Mica

flakes, small electrical contacts, and a few small capacitors have been observed

among the debris.

Aerial photos are available for the area near the Job Corps Site for 1951,

I960, 1965, 1971, and 1980. This sequence provides information on the usage

of 'the Job Corps area. The 1951 photo shows a clearly defined fan-shaped

dumping area with an access road entering from the southeast. This access

road suggests that dumping in this area was conducted over an extended

period. The access road is a well-defined one-lane path.

The 1960 photo indicates that the site was inactive at this time. The

landfill carea shows some vegetative cover and the contrast with surrounding

vegetation is less distinct than in the earlier photos. The access road is still

visible, but covered by brush in areas, suggesting that it had not been used
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for some time. The 1951-1960 timeframe is consistent with a 1957 automobile

"'""license plate observed during the site inspection.

In- the 1965 photograph the access road Is distinguishable only as a

boundary of an adjacent planted field. The landfill area Is not covered by

brush or trees, and the vegetative cover appears similar to that in the

surrounding area.

The 1971 photo shows the Job Corps pond which was created in the

mid-1960s. The eastern end of the pond overlies an area whic^ had been the

access road. The landfill area shows signs of trees, brush and larger

vegetation. The 1980 photo shows the site much as it is today, with trees and

heavy vegetation overlying the fill area.

During the site Inspection, various articles typically associated with

municipal refuse were noted, including bottles, plates, etc. The site is

presently covered with dense vegetation and the access road is no longer

useable.

2 4 . 2 Site Investigations

34 .2 .1 Phase I Site Investigations:

A magnetometer and electromagnetic terrain conductivity survey was

conducted. The results of these surveys are shown on Figures 2U-2 and

24-3.

Two composite surface water samples were collected from the pond,

and seven composite soil samples (0-1 ft depth) were collected from the

landfill. A composite was collected from each of five 50 ft x 50 ft

squares wi tnm the landfill as well as from two bare patches. Figure 2^- '

depicts the Phase I sampling locations.
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2*.2.2 Phase II Site Investigations:

Phase II studies were Intended to better define the vertical and

horizontal extent of the contamination Identified in Phase I (See Figure

2<-M. Forty-seven soil samples were collected at the landfill, thirty-five

at depths of 0>1 ft and twelve to a depth of 3 ft. All soils were analyzed

for PCBs, lead and cadmium. In addition, twelve of these samples were

also analyzed for explosives and nitrosamines. One Phase I soil (location

17-1) was reanalyzed for mercury. Two composite surface water and six

grab sediment samples were collected from the pond and analyzed for

PCBs, lead, cadmium and explosives. The pond water samples were also

analyzed for CLP organics, PCBs, arsenic, and copper. Three surface

(0-1 ft. depth) sediment samples were collected along the shallow

embankment and three were collected from the deeper area of the pond.

Five monitoring wells, four shallow and one deep, were installed to

depths of 12 to 30 feet (see Figure 2M-1). The wells were set in silt and

silty clay soils, except well 17-65 which was set on top of rock. Each

well utilized five-foot stainless steel screens. Ground water samples were

analyzed for CLP HSL organics and metals, low-level PCBs, nitrosamines

and explosives.

Two composite fish (one bass and one bluegill) were sampled from

the Job Corps Pond shortly after the Phase II investigations. The

samples were analyzed for pesticides, PCBs, cadmium, mercury and lead.

23.2.3 Site Hydrogeologic Characterization

24.2 .3 .1 Site Geology

The sequence of unconsolidated soils underlying the site to the

maximum penetrated depth of 28 feet {Boring 17-65) consist of

predominantly silty clay. Occasional organic silt layers with a trace of
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fine gravel were Identified In upper portions of Borings 17-9 and 17-10

""""•'' and near a small swamp south of the site.

Underlying the silt and clay sequence in Boring 17-65,, a shale

bedrock was encountered that was gray and friable. The depth to

bedrock was not identified in other borings.

20.2 .3 .2 Site Hydrogeology

Occurrence of Ground Wate£

Ground water was identified to occur about 6 to 8 feet below ground

surface during June 1987 in the shallow wells. Ground water levels were

about 5 feet higher during December 1986. The ground water occurrence

in the deeper well set on top of bedrock exhibited a slightly lower

hydraulic head.

* '
Ground Water Flow Conditions

Elevations of ground water within the water table wells were

contoured and are shown on Figure 24-5. Results of these data taken

from June 1987 indicate a radial groundwater flow pattern to occur in

north,, west, and south directions toward adjacent surface water drainage

swales. Discharge from the swales which contain intermittent surface flows

is toward Crab Orchard Lake about 1,000 feet west.

Ground water velocity calculations employing the formula given in

Section 1.2 were performed utilizing an average hydraulic gradient of 0.2

ft/ft (June 1987), average hydraulic conductivity (K) of 9.36 ft/day, and

a porosity of 0.35 (Davis, 1966). Resultant ground water flow velocity

... was calculated to be about 9.36 f t /day or 3,400 f t /year.



FIGURE 24-5

SITE 17 GROUNDWATER FLOW MAP

Technology)

•*3?<«.&
SJTE 17
•7-J08 CORPS LANDFILL
I- LAKE a STREAM

l7'10 JUNE 18, 1967
• -MONITORING WELL LOCATION a

Mif, IDENTIFICATION
420.16 -GROUND WATER ELEVATION

420—— -GROUND WATER CONTOUR



Vertical flow potential from the upper water bearing zone was found

to be slightly downward into lower unconsolldated aquifers based on

ground water elevations taken from well nest 17-65 17-5.

2*.]i Analytical Results (See Appendix I, Page 17)

21.3.1 Phase I Analytical Results^

The magnetometer and electromagnetic survey shown in Figures 24-2

and 24-3 of the landfill did not reveal the presence of any concentrated

pockets of conductive materials.

The surface soil samples collected from depths of 0-1 ft. from the

landfill showed the widespread presence of PCBs and lead. All surface

soil samples contained PCBs (Aroclor 1254), with concentrations ranging

from 21 to 1700 mg/kg wet weight (28 to 2059 mg/kg dry weight). Lead

was also present in all surface soil samples at concentrations of 609 to

14100 mg/kg wet weight. The detected PCB and lead levels at this site

are not typical of the Refuge background. One soil sample contained

34 mg/kg cadmium and one soil contained 3 ug/kg mercury. All other

metals were within the range of concentrations detected at the control

sites. The metals concentrations performed in Phase I are estimated for

screening purposes.

The explosive tetryl was detected in four soil samples at concen-

trations ranging from 3.7 to 6.5 mg/kg. One of the soil samples (location

17-2) analyzed for CLP organics contained on a wet weight basis,

dl-n-octyl phthalate (4760 ug/kg), 1984 ug/kg methylene chloride, and

173 ug/kg acetone. The FID scan of the same samples showed 127,895

ug/kg. Methylene chloride and acetone parameters were also present in

the method blank. The second soil sample (17-6) analyzed for CLP

organics (with 854,308 ug/kg FID scan) contained 220 ug/kg wet weight
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N-nltrosodlmethylamine, but all other organics detected were below the

detection limit. One water sample contained 2.6 ug/L of 2, 4-DNT
*miii>'''

explosive residue, which Is above the human health AWQC of O.U ug/L

but below the aquatic life 24-hr average criterion of 230 ug/L. No

explosives were detected In the other water sample or In the sediments or

soils. PCBs and all other organics were undetected (below 10 ug/L) in

the pond water samples, and all analyzed compounds were within the

Illinois Public Water Supply Standards. It should be noted that the

volatile and semi-volatile organics data for Phase I are questionable due to

QA/QC deficiencies or unreliable support data. (See Exhibit B). The

positive detections reported are thus estimated values and some

compounds which were not detected may in fact be present.

24.3.2 Phase II Analytical Results

PCB concentrations in surface (0-1 ft. depth) soils ranged from

0.077 to 50,000 mg/kg wet weight (0.101 to 69,042 mg/kg dry weight).

Soil cores collected at 3 ft. depths, however, showed PCB concentrations

below 1 mg/kg wet weight for all except one core (17-27) which contained

8.7 mg/kg wet weight (11.6 mg/kg dry weight). Figure 24-4 shows the

area! distribution of PCB concentrations throughout the site on a wet

weight basis. Lead concentration In soils ranged from below 6 to 17414

mg/kg (dry weight) in the 0-1 ft. samples, and from below 6 to 13 mg/kg

(dry weight) at 3 ft. depth with the exception of soil 17-27 which had

219 mg/kg lead. The highest lead concentrations were found to coincide

with the highest PCB levels. Cadmium concentrations were relatively low

and heterogenous. At the 0-1 ft strata, eight soil samples showed less

"""""*'' than 1 mg/kg cadmium, while nineteen samples showed cadmium from 1 to
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57 mg/kg. with a mean of 16 mg/kg. Cadmium concentrations were less

than the detection limit of 1 mg/kg at the 3 ft. depth soil samples. The

soil sample from Phase I (location 17-1) that was reanalyzed for mercury

contained 190 ug/kg. No explosive residues were found In the soils.

The pond bottom surface sediments contained between 0,65 and 260 mg/kg

wet weight (3 and 607 mg/kg dry weight) PCBs, 4-19 mg/kg cadmium,

and 38 to 5722 mg/kg lead. No other parameters were detected.

The groundwater and pond water samples contained traces of

di-n-butyl-phthalate (2-12 ug/L, below the AWQC for human health of

35,000 ug/L), isophorone (40-115 ug/L, below the AWQC of 5,200-117,000

ug/L), acetone (22-4,270 ug/L), and methylene chloride (2-56 ug/L).

Acetone, isophorone, and methylene chloride were also detected in the

method blanks. The organics analyses were outside the QC limits for

duplicate recoveries for some compounds were extracted outside of holding

time.

The explosive nitrobenzene was detected in the water samples but

not in the soils or pond sediments. Nitrobenzene concentrations

(unfiltered) were 1.48 to 11.4 ug/L in the wells and 1.08-1.68 ug/L in

the pond water, well below the AWQC of 19,800 ug/L (human health

level), or 27,000 ug/L (aquatic life acute maximum).

Cadmium was below the 5 ug/L detection level (total and dissolved)

for all pond and groundwater samples. Arsenic ranged from 7 to 27 ug/L

total, and from less than 2 to the detection limit of 25 ug/L dissolved.

Chromium ranged from 18 to 139 ug/L total and 1.7 to 6.4 ug/L dissolved

in the wells, exceeding the standard of 50 ug/L for Illinois public waters

and Federal drinking waters; chromium was not analyzed in the pond
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water samples. Lead was detected between 4.3 to 55 ug/L total and 3.8

to 21 ug/L dissolved In groundwater, and between 1.6-3.6 ug/L total and

less than 1 ug/L dissolved in the pond. Only one sample, ground water

from well 17-11, exceeded the Illinois and Federal standard of 50 ug/L for

lead. The ratios found between total and dissolved metals values indicat-

ed that the higher concentrations detected are mostly associated with

suspended solids. All dissolved metals concentrations were below the

Illinois Public Water Supply standards and Federal MCL standards.

PCBs (total aroclors) were detected in the groundwater samples at

0.01 to 11 ug/L. The higher range detected may have been due to

suspended matter in the sample since most of the detected concentrations

are higher than the solubility limit of PCBs in water. The pond waters

contained 0.032 and 0.058 ug/L PCBs. All detected PCS concentrations

were above the AWQC for human health and aquatic life protection. One

well (17-65) contained traces of chloroform (12.5 ug/L). another well

(17-10) had pentachlorophenol (19 ug/L), and bis(2-ethylhexyl) phthalate

(23 ug/L). Well 17-9 also contained 10 ug/L of bis(2-ethylhexyl)

phthalate. Chloroform levels exceeded the AWQC for human health of

0.19 ug/L; pentachlorophenol was above the criteria for protection of

aquatic.life (3 .2 ug/L average), but not above the level for protection of

human health (1,010 ug/L). The concentrations of phthalates were below

the applicable AWQC criteria of 15,000 ug/L (human health). Two fish (a

bass and a bluegill) sampled from Job Corps Pond were analyzed for

pesticides, PCBs, and metals. No pesticides or PCBs were detected, but

low levels of cadmium (0.05 mg/kg in bluegill only), lead (0.57 mg/kg in

bass, 6.91 mg/kg in bluegil!), and mercury (0 .243 mg/kg in bass, 0.072

mg/kg in bluegill) were found.
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Two composite fish (one bass and one blueglll) sampled from the Job

Corps Pond were analyzed for pesticides, PCBs, cadmium, mercury and

lead. No pesticides or PCBs were detected (detection limits 20 to 400

ug/kg). Low levels of cadmium (0.05 mg/kg in bluegill only) and mercury

(0.243 mg/kg in bass, 0.072 mg/kg in bluegill) were detected. Lead

concentrations were higher for bluegill, at 6.94 mg/kg, while only 0.57

mg/kg were detected in bass.

24_.4 Environmental Effects - Job Corps Landfill

24.4.1 Qualitative Assessment

24.4.1.1 Source Evaluation

As described in Section 24.1, the site was likely to have been an

area where mixed municipal and industrial type wastes were disposed.

Field inspections of the site revealed various cans, bottles, containers

and other articles typical of a mixed sanitary waste. However, the site

inspection also noted the existence of a small exposed area containing wire

electrodes and electrical components, suggesting that this location may

have also received wastes of industrial origin. Ceophysicat investigations

suggested widely-scattered debris rather than concentrated areas of fill

material. The soil boring program encountered materials just below the

surface (0-1 ft) consistent with what was observed at the surface.

Results of the soil and sediment sampling and analysis program

indicate that the primary chemical compounds of concern at this location

are PCBs, cadmium, and lead. Levels of cadmium at the site are very

heterogenous making it difficult to derive accurate value for exposure in

a quantitative risk assessment. In view of concern for cadmium toxicity

to wildlife a qualitative risk assessment was completed. The
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concentrations of PCBs detected, ranging from 0.077 to 50,000 mg/kg wet

weight (0.10 to 69,042 mg/kg dry weight) are unusually high and

Inconsistent with what might be expected to be present within a landfill

containing municipal wastes. Of the chemical compounds Included and

consistently detected at elevated levels In the sampling and analysis

program, PCBs and lead are the most toxic. Therefore, for purposes of

the quantitative risk assessment, it will be assumed that PCBs and lead

are the compounds representing the highest risk. Since

N-nitrosodimethyfamine was also detected in a soil sample collected during

the Phase I investigation, it will also be considered in the quantitative

risk assessment for this site. Furthermore, for purposes of the

nitrosamines assessment, and in order to provide a worst case

conservative outcome in light of the uncertainty associated with the

analytical result for this specific class of compounds, the concentration of

nitrosamines in soil will be considered to be twice the level found in the

single soil sample analyzed (i.e. 440 ug/kg rather than the detected level

of 220 ug/kg). PCBs, lead and N-nitrosodimethylamine compounds are

therefore used to define the waste "source". Exposure to cadmium in soil

and sediment will qualitatively follow the exposure scenarios of PCBs and

lead.

The physiochemlcal and lexicological properties of PCBs, nitrosamines

and lead, as well as cadmium are summarized in Exhibit A. Lifetime

dietary exposures of rodents to PCBs have established the carcinogenic

potential of these compounds. PCBs produce a number of other chronic

and subchronic effects as well. Lead exposure also presents cause for

concern due to neurological, hematological and other effects demonstrated

in humans and animals produced by chronic exposure to low lead levels.
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There Is Insufficient evidence to determine If lead exposure presents a

risk of cancer. Although dietary lead acetate has produced cancer in

-test animals, lead acetate would not be expected at the site due to

-£ chemical conversion to insoluble oxide and sulfate salts (USEPA

ECAO-CIN-H055, 1984). PCBs were detected In surface soils in the

landfill, as well as In the sediments of the adjacent pond. Based on the

physiochemical properties of PCBs and lead, it can be assumed that they

are strongly adsorbed to the surfaces of soil materials. They will

therefore not be leached by runoff or surface infiltration, but wilt behave

and be transported along with the particles to which they are adsorbed.

There were no free liquid PCBs encountered during the investigation.

Because of the identification of PCBs in all of the soil samples

collected, it is assumed that all of the samples within the defined

boundaries of the site contain PCBs at levels in the range detected. For

purp>oses of the quantitative risk assessment, the average value of 7,950

mg/kg dry weight PCB as Aroclor 1254 will be used as the worst case

mean concentration, and the maximum concentration detected (69,042

mg/kg dry weight Aroclor 1254) will be used to represent the "upper

bound" worst case residue. For lead, a soil level of 5,000 mg/kg dry

weight was selected as a representative upper bound value for the site.

24.4..1.2 Transport Route Evaluation

a) Air; PCBs in soil exert a relatively low vapor pressure, but under

certain conditions, transport cf PCBs in the vapor state could

constitute a functional transport route. Lead does not exert an

appreciable vapor pressure, and therefore cannot be transported in

the vapor state in significant quantities. However, because of the



existence of exposed, soil-adsorbed PCBs and lead at the site, dusts

generated by wind erosion, vehicular traffic or activities by

endogenous wildlife are likely to contain contaminants which can

subsequently be transported by the air route. Therefore, It can be

concluded that the air transport route can function to carry PCBs

and lead and other waste related compounds to on- and off-site

locations for subsequent exposures by receptors In those areas.

b) Direct Contact; Because of the existence of PCBs and lead in

exposed wastes, soils, vegetation and sediments in the area,

exposures by the direct contact route are possible.

c) Surface Water: There is a pond located directly adjacent to the

waste area. The pond discharges to an adjacent stream through an

engineered control weir, also adjacent to the waste area. Inspection

of the site revealed the presence of waste materials at the shoreline,

as well as submerged in the pond. The surface of the wastes in the

site are approximately zero to four feet above the level of the pond.

Therefore, it is likely that runoff from the waste site is directed

into the adjacent pond.

In addition to the proximity of the exposed waste materials to

surface water, the results of the sampling and analysis program

indicate that the pond sediments contain PCBs. It is presumed that

the PCBs in the pond sediments originated from the materials

deposited in the landfill. On this basis,it can be concluded that the

surface water transport route can function to transport waste

materials from within the site to the pond, as well as by stream flow

to offsite locations.
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d) Ground Water; Results of analyses of the ground water indicate only

minor residues of PCBs ranging from 0.01 ug/L to 11 ug/L. Lead

was found at ».3 mg/L to 55 mg/L. However, It is Hkely that the

contaminants detected In the ground water samples are the result of

the installation of the monitoring wells within a fill area containing

PCBs and lead, rather than PCBs and lead which have migrated with

the movement of water through the active mass. This behavior is

consistent with what is known and previously observed regarding the

movement of PCBs and lead in ground water and the absence of

these constituents In subsurface soil. They are not expected to

move with ground water to any appreciable extent due to their high

affinity towards silty soils observed at this site. (See hydrogeology

discussion, Section 24.2.3). The measured soil hydraulic
—6 -U

conductivity at this site ranges from 1.5 x 10 to 2.64 x 10

ft/sec, (Table 4-4) further indicating the retardation of movement of

PCBs and lead.

Based on the detection of only minor contaminant residues in

the ground water, and, more importantly, on what is known

regarding their behavior in ground water, the ground water

transport route is not considered a significant means of transporting

PCBs and lead to offslte locations. Because residues of the other

monitored components such as cadmium were not detected in the

ground water, and there are no ground water users in this area,

the ground water transport route will not be considered further as a

component of the risk assessment.
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21.4.1.3 Receptor Evaluation

Human

As Described In th« section on the general land us« within and
4-

adjacent to the Refuge, the area within the Refuge is not populated

by humans. There are only minor numbers of humans occupying the

Refuge for industrial (occupational) purposes, and the Refuge has

only a moderate daytime recreational use load. A large proportion of

the refuge is designated as a wildlife sanctuary, and is therefore

posted off limits to human use.

The area in the direct vicinity of the Job Corps site is not

used as a manufacturing area. There are no users of ground water

in this area. Access to the landfill has been minimized by

cultivating tall and thick brush and trees in the area. Therefore,

exposures by humans on a day to day basis would not be expected.

However, because of the existence of open water at this

location, and its attractiveness to recreational users of the Refuge, a

small number of human receptors could potentially experience

potential one-time or isolated multiple exposure. This area of the

Refuge is open for deer hunting for only one week per year; it is

closed to the public for the remainder of the year. On this basis a

human receptor could be characterized as a hiker or hunter. Also

included as a human receptor would be a Refuge worker who might

visit the area as part of a routine maintenance of the spillway.

It is likely that the total number of human receptors is low.

A upper bound estimate of the number of human use-days in the

pond area might be on the order of 25 per year according to the

Refuge Manager. One human use-day is defined as a period of

about four hours, where the pond and adjacent areas are used by



one human for recreational purposes. However, because the adjacent

''"•""""' areas are more attractive to recreational users, the actual landfill

area would experience a much lower amount of us* days. An

upperbound estimate of human use in the landfill, as related to

hiking through the landfill on the way to a more "attractive" recre-

ational area might be 10 use-days per year. Specific scenarios

under which the human users of the area might become exposed to

the PCBs, cadmium or lead residues in the area will be developed in

the following sections.

The transport route evaluation identified three major functional

transport mechanisms: the air route, the direct contact route, and

the surface water transport route. Human recreational receptors

identified in the previous section would be within the influence of

each of these transport routes. However, for the most part, they

would only be able to experience exposures while within the area of

the landfill and adjacent pond, or as a consequence of their use of

that area. There Is no route for Ingestion of contaminated fish

unless a human receptor was to illegally catch and consume fish from

the pond. Humans at areas removed from the landfill and pond,

such as residents of nearby communities or other populated areas, as

well as recreational users of the Refuge not entering the landfill or

pond, would not be within the influence of the site.

The following sections describe the most likely exposure

scenarios associated with each of the identified functional transport

routes.

, a) Direct Contact: The most likely human exposure scenario would be

exposures to PCBs, lead, cadmium, and other waste components as a
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result of direct contact with the waste materials and contaminated

pond sediments. Because there are no human populations residing in

the areas of the landfill, chronic (repeated long term) exposures

would likely not take place. Direct contact exposures would occur on

a one-time, or limited multiple event short term basis, experienced

by recreational users of the pond and adjacent landfill.

Although PCBs and lead are not especially permeable through

Intact human skin, the most likely route by which they could enter

the receptor's body following exposure would be through incidental

ingestion of the soils or vegetation on the receptors body. Direct

contact exposures could also extend into the users' homes, providing

exposures to secondary receptors such as family and friends. It is

possible that waste residues might become adhered to the shoes or

clothing of a recreational user, to be transported to the user's home

and become established as residues. The introduction of

contaminated materials into a home along with soiled clothing or shoes

could establish a reservoir of material that would persist and repre-

sent a longer term, chronic exposure.

b) Air Route: Dusts generated by wind erosion or foot traffic, as well

as volatilized residues, represent a source and pathway for

exposures via the air route. The most likely human receptors

experiencing exposures via this route would include hikers or

recreational users who would disturb and breathe contaminated dusts

kicked up from the ground or dislodged from broad-leaf vegetation

while walking throuc the landfill or adjacent areas. These

exposures are likely to occur on an acute (one-time) basis or on a

few occasions. Due to the absence of human populations near the
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site, no chronic exposures would be expected. However, long

distance transport of dusts towards populated areas Is unlikely due
« I • • ***••' •

•' to the level of vegetation at the site. Also possible/1 would be the

Inhalation of dusts by the recreational users and secondary receptors

such as family members, who breathe dusts arising from soils

adhered to the boots and clothing of the recreational user and

transported out of the landfill.

c) Surface Water Route: The major uptake route usually associated with

surface water exposures, such as by swimming and wading, is the

inadvertent Ingestion of water and sediment. However, the surface

water route would not be a major human exposure route at this

location because the pond is not used by humans for swimming or

wading. There are other areas of the Refuge, notably Crab Orchard

Lake, which are more attractive for swimming and wading.

Nevertheless, It is possible that contact with the pond water and

sediments might occur on a less than whole body basis, as might be

associated with fishing and hiking. Neither fishing nor hiking are

practiced in the immediate area. This route will be further evaluated

within the quantitative assessment.

d) Ingestion: Ingestion of fish and game in the Job Corps landfill or

the adjacent pond by human recreational users is an exposure

pathway which requires further consideration. PCBs are lipophilic

compounds which tend to partition into and accvjmulate in

fat-containing tissues of animals. Ingestion of fish and game by

humans utilizing the area near.the Job Corps landfill would therefore

be a potential scenario of exposure and uptake of PCBs as well as

lead. However, only lead, and traces of cadmium and mercury were



found in a limited sampling of pond fish; PCBs were not detected in

this sampling. A 1982 survey of contaminants in de«r tissue at the

Refuge (Ruelle. March 1983] did not show measurable PCB levels in

either the fat or red meat tissues analyzed. A 1980 survey

(Gritman, 1982) detected average lead levels in deer liver tissue at

5.6 mg/kg.

A relatively large percentage of the human users of the Refuge

would be within a mile or so of the area for purposes of hunting.

Fishing in the Job Corps site pond is not permitted although illegal

fishing is conceivable. The abundance of game fish in Crab Orchard

Lake and other lakes nearby further discourages fishing at the Job

Corps pond. Because game would be taken from the area only on

isolated occasions, this route would not represent a chronic

exposure, but would be limited to a single acute or multiple acute

exposures. Due to very the low likelihood of repeated use of the

pond for fishing, human exposures by the ingestion of fish will not.

be considered further.

Wildlife

As described in the introduction to this report. Crab Orchard

National Wildlife Refuge is an area that has been set aside to foster

the breeding and preservation of wildlife endemic to that part of the

country. Based on field inspections of the Refuge, as well as

accounts relayed by Refuge Managers, there is an abundance of

wildlife in the area. Of special note are the large populations of

migratory aquatic waterfowl, including various species of ducks and

geese who use the Refuge as a stopover during their excursions
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north. Also of note are populations of white-tailed deer and

y IK*"' numerous species of small mammals such as raccoon, rabbit and

opossum. Crab Orchard Lake Is also abundant with various species

of warm-water fish, such as bass and catfish.

The area In the direct vicinity of the Job Corps Landfill is

similar to the other areas of the Refuge. Of special note is the

pond which is directly adjacent to the landfill. Field inspection of

this location noted that the pond contained species of panfish,

turtles, frogs, aquatic insects, and abundant aquatic vegetation.

The pond was observed to be frequented by transient waterfowl.

During the inspection, roughly 30 geese carcasses were found in the

area. There were also deer tracks and a number of small mammal

burrows.

With the exception of the general field inspections, there has
"-*HW*

been no formal survey of wildlife conducted on the area of the

landfill and the adjacent pond. According to Ruelle (1987), the

Refuge contains two active nesting areas of the endangered bald

eagle. It could not be determined whether, in addition to common

species of endemic wildlife, there were any other threatened or

endangered wildlife species in the area. However, because many of

the areas of the Refuge have been set aside as wildlife breeding

grounds and also as stopovers for migratory birds, it is possible

that other threatened or endangered species may be present in the

Refuge.

Based on the field observations, as well as the high wildlife

density in other portions of the Refuge, it is concluded that the Job

Corps landfill and the adjacent pond contain wildlife receptors which
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warrant consideration within this risk assessment. This area contains

open water attractive to water-fowl, and the pond is of adequate
l|l*''inin"'

area and depth to support aquatic life. The landfill area has become

overgrown with vines which may provide a desirable location for the
*•

establishment of dens by small mammals. Therefore, It can be

concluded that the landill and adjacent pond can, and most likely do,

provide a transient as well as permanent habitat for various species

of wildlife.

The following sections present exposure scenarios by each of

the transport routes identified in the preceding sections as

functional.

a) Air Route: Wildlife in the area would experience exposures to waste

components by the air route. However, in contrast to the activities

described for the human exposure, wildlife would be expected to

""""""' come into more intimate contact with waste contaminated dusts and

vapors through burrowing, preening and feeding activities.

Therefore, inhalation exposures would be likely to be of considerable

duration and frequency. In contrast to the limited frequency of

exposures experienced by the human receptors, wildlife would

experience both acute (in the case of transient species) as well as

lifetime chronic exposures (in the case of endemic species). The

magnitude and significance of these exposures will be discussed in

the quantitative risk assessment.

b) Direct Contact: As with the inhalation route, wildlife in the area

would experience chronic as well as acute exposures to the PCBs,

cadmium, and lead in the landfill and the adjacent pond. These

**" exposures would result in prolonged skin contact with the soil-borne
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wastes, as well as ingestion of the materials through preening

activities.

c) Ingestion; In contrast to the acute exposures potentially

experienced by human users of the area, wildlife inhabiting the site

would be likely to experience both acute as well as chronic

exposures to PCBs, cadmium, and lead and other waste components

via ingestion. These exposures would result from incidental

ingestion of soils, vegetation, or sediments during preening and

dusting (birds and small rodents) activities, as discussed in the

direct contact section. Ground-feeding birds and gallinaceous birds

(e.g. quail) ingesting grit could also ingest quantities of

contaminated soil. Exposure would also occur as a result of normal

dietary ingestion of vegetation and wildlife in the area.

Soils and dusts containing waste components would be consumed

by herbivores along with contaminants accumulated in terrestrial or

aquatic vegetation. Many aquatic waterfowl also consume large

quantities of sediment as part of their diet. These inputs could

represent a major exposure and uptake route.

With regards to animal life, aquatic and terrestrial inhabitants

would be expected to contain bioaccumulated residues of PCBs,

cadmium and lead. These bioaccumulated residues would be

consumed by predatory wildlife, resulting in ingestion exposures. A

limited survey of Job Corps Pond fish residues did not, however,

detect PCB residues.
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24.<.2 Quantitative Assessment

24.1.2.1 Estimates of Release and Exposure Rates

Estimates of Airborne Exposures

The qualitative section of this assessment has established that the

air pathway represents a complete exposure route. This pathway consists

of the breathing of PCB-contaminated dusts at the Job Corps landfill site

created by occasional human recreational activities (i.e., hiking, hunting)

and by the burrowing activities of wildlife, as well as PCB vapors

evaporating from the soil. No air monitoring surveys were conducted,

(except for the purpose of worker safety) nor were appropriate models

available to estimate the quantity of respirable dust kicked up or

dislodged into the breathing zone of a walking human.

Hwang et. al. (1986) developed one methodological approach for

modeling exposure to airborne PCB residues which have evaporated from

the adsorbed or liquid state on or in soils. Using the vapor pressure as a

measure of the air concentration of Aroclor 1254 and the estimated air-soil

partitioning behavior of PCBs, these authors reasoned that, for example,

soil concentrations of Aroclor 1254 in excess of approximately 4 mg/kg

would be a saturation concentration. Further, under such conditions the

volatilization of PCBs can be estimated purely by consideration of the

vapor pressure, without consideration of the soil adsorptive properties of

the residues. In addition, the mass flux would thus be independent of the

PCB concentration in the soil.

Hwang et al. (1986) estimate that the emission rate for Aroclor 1254

under saturated soil conditions is 1.13 x 10 g/sec/cm , or 1.13

ug/sec/m2 . Since the soil PCB concentration at this site exceeds the 4

ucj/g concentration stated to represent a saturated condition in soil, the
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emission rate given above will be used to model inhalation of PCB vapors

on the site. U.S. EPA (1986) presents a model for estimation of airborne

residues emitted from a hazardous waste site which considers both

advection and dispersion. Conceptually, the model is comparable to the

methodology employed by Hwang et al. to perform a similar estimate.

However, because U.S. EPA (1986) presents the methodology In greater

detail, it will be utilized here. The basic relationship is:

Q

pi*y*z*u

where:

C(x) = is the concentration of substance at distance x

from site (mass/volume)

Q = release rate of substance from site (mass/time)

y = dispersion coefficient in the lateral (crosswind)

direction (distance)

z = dispersion in the vertical direction (distance)

u = mean wind speed (distance/time)

pi = 3.141593

For the purpose of a worst case assessment, it can be assumed that

an individual is standing on a down wind edge of the Job Corps Landfill,

and is exposed to PCB vapors emitted from an area of 45 m x 1 m (the

landfill is approximately 0.5 acre in area, or about 45m x 45m). Thus,

the PCB emission rate Is 45 m x 1.13 ug/sec/m or 50 ug/sec. Using this

Case u (m/sec) Y Z C(x) ug/m3

1 1 hr
2 24 hr
3 7 day

1
2
3

1
2
6

2.5
3.5

5

6.37
1.14
0.18
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The relative contribution of this component of airborne exposure is

discussed below.
(l"J<

For the purposes of this analysis, it Is assumed that an adult male

(70 kg) is exposed to an average of 10 mg/m3 of respirable dusts and soil

particles (a level considered to constitute a nuisance) kicked up during a

1-hour recreational activity at the site. The soil monitoring data at this

site gave a geometric mean value of approximately 7,950 mg/kg dry weight

of total PCBs in soil, with a maximum of 50,000 mg/kg wet weight (69,042

mg/kg dry weight). Also assuming an inhalation rate of 1.3 m3/hour for

light activity (USEPA ECAO-CIN-477. 1985) and that all the inhaled PCS

is bioavailable, a total exposure of 413 ug PCB is obtained in the 4 hour

period using the mean PCB concentration, or 5.9 ug/kg body weight. In

comparison, a four hour exposure to vapors of PCBs under worst case

conditions as calculated using the air model above would produce a total

exposure of 1.3 m3/hr x 6.37 ug/m3, or 33 ug, less than 8 percent of

the component of exposure from dust inhalation. For this reason,

exposure to PCBs in the vapor state was not considered further in this

assessment. Assuming three 4-hour visits per year, a daily inhalation

intake of 0.05 ug/kg/day is estimated.

Comparable exposure by inhalation to soil residues of

N-nitrosodimethy!amine at 440 ug/kg results in a daily intake of 2.6 x

10~ ' ug/kg/day. The value for lead assuming the same exposure scenario

and a soil level of 5,000 mg/kg would be 0.03 ug/kg/day.

The acute toxicity of PCBs and lead is quite low to humans and

terrestrial animals. For instance, the acute oral LD50 of Aroclor 1254 in

adult Sherman rats is 4 to 10 g/kg body weight (USEPA AWQC. 1980) .

Acute inhalation toxicity data were not located, but an intravenous LD50

value in the rat of 0 .358 g/kg for Aroclor 1254 may be a worst case ap-
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proxlmation. Thus, a safety margin of approximately 100 or more exists

for acute Inhalation exposure to PCBs of a human under reasonable worst1t.«,.<>'

case conditions. Lead will b« considered in Section 24.4.2.2.

Because the Job Corps landfill Is very rarely used for recreational

purposes, chronic exposures at the site do not exist for humans. The
V

contribution of inhaled soil particles containing PCBs and lead to lifetime

health risks in humans is discussed in Section 24.4.2.2.

Unlike humans, chronic exposures of wildlife to PCBs and lead at the

site are likely by inhalation and other routes. The site provides good

habitat for small mammals such as mice, chipmunks, and the like which

may inhale soil dusts and vapors during burrowing activities. As with

humans, no models were located for estimating inhalation exposures in

small mammals under these field conditions. Using an active breathing

rate value of 0.0042 m3/hour for a 30 g mouse (USEPA ECAO-CIN-477,

1985) and creation of a 10 mg/m3 dust of 7.950 mg/kg dry weight PCBs

during 1 hour of daily burrowing, a daily chronic inhalation exposure of

0.016 mg/kg body weight PCB is obtained. The comparable value for lead

at a soil level of 5,000 mg/kg is 0.004 mg/kg. In addition, all rodents

living in burrows within the contaminated area of the landfill (within the

top 1 foot of surface soil) would be expected to inhale a significant

portion of PCB vapors enumerating from the soil. Cadmium or lead

vapors are not expected to be significant due to the affinity of these

metals for soils and the low vapor pressures of these metals compounds.

Assuming that the air is saturated with PCB vapors at the present

conditions at the landfill, a still wind speed of 1 mph, and an estimated

residence time of 16 hours in the burrow (one hour of which is spent

burrowing, the remainder resting), an exp'osure of 1.03 mg/kg day is
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estimated for this route. Table 21.1 presents additional detail for the

wildlife exposures estimated for this site.

Other types of wildlife which might receive exposures via the

inhalation route at this site Include deer, rabbit, mink and otter; the

corresponding exposure levels for each species depends on their

breathing rates, body weight and habitat. The magnitude, contribution

and significance of these airborne dusts to total lifetime exposure are

presented in Section 24.4.2.2, Quantitative Risk Assessment Table 24-1.

Estimates of Exposures by Direct Contact

The direct contact route of exposure at the Job Corps landfill has

been identified as complete for both humans and wildlife. However, since

PCBs and lead are very tightly bound to soils and sediments, dermal

absorption of PCBs and lead is not expected to be significant for humans.

The contributions from this exposure pathway for wildlife are addressed

below in the evaluation of ingestion exposures, as a result of prolonged

intimate contact with contaminants in soil during daily burrowing

activities. Rather, the pathway consists of ingestion of soil-bound

residues picked up through direct contact with the soils. Therefore, the

contribution of this route of exposure will be discussed in the following

section on ingestion exposures.

Estimates of Ground Water Exposures

As previously discussed in Section 24.4.1.2, groundwater residues of

PCBs and lead are minimal in the silty soils encountered at this site, and

most likely resulted from the fill material during the drilling of monitoring

wells. Furthermore, there are no ground water users at this site or in
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the eastern portion of the Refuge. Therefore, the ground water

exposure pathway is incomplete, and will not be considered quantitatively.

Estimates of Exposure by Surface Water

The qualitative assessment has identified the surface water route as

complete at the Job Corps site in view of the direct contact of the landfill

with the pond, the presence of PCBs and other waste components in the

pond water and sediments, and the availability of an outlet stream for

off site transport of residues. Although the pond may serve as a major

source of drinking water for large mammals (i.e. deer, raccoons, beaver)

and waterfowl, it will not produce significant human exposures.

Surface water ingestion by wildlife will be considered in the following

section on ingestion. The presence of PCB residues in the pond

sediments and water column provide a source of chronic exposure by

aquatic organisms and water fowl. Mean values of total PCB residues

were calculated from site monitoring data to be 0.015 ug/L for pond water

and 109,635 ug/kg for sediment. USEPA AWQC (1980) has established a

criterion of 0.014 ug/L of PCB to be protective of freshwater aquatic life

under chronic exposure conditions and 2.0 ug/L under acute exposure

conditions. Thus, pond water concentrations of PCBs exceed the AWQC

chronic toxicity criteria for freshwater aquatic life, but not the acute

exposure level.

While there are probably too few data points to currently establish

an accurate mean concentration of PCBs in the pond water, resident

organisms will also receive exposure via contact with contaminated bottom

sediments and ingestion of residues accumulated in food chains from the

sediments. It is feasible that populations in the pond may be at risk
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from exposure to PCB residues In bottom sediments, although a limited

survey of pond fish did not show detectable PCB levels, and a qualitative

survey of pond Ufe (Section 24.4.1.2) would suggest that such impact is

not grossly obvious.

Estimates of Ingestion Exposures

Human

PCBs as a class are highly lipophilic materials which are readily

taken into the body and tend to resist metabolic destruction and

elimination. Thus, the well documented ability of PCBs to bioconcentrate

in organisms from ambient media and food is one of the most significant

chemical and toxicological properties of these materials. The presence of

PCB residues in surface soils and in the pond water and sediments

presents a source of exposure via ingestion of accumulated residues of

food items by terrestrial and aquatic wildlife.

As discussed in the Receptor Evaluation, human consumption of fish

caught in the Job Corps Pond will be negligible, since recreational fishing

at this site is not permitted, and nearby Crab Orchard Lake offers an

abundance of popular game fish for the sports fishermen. In addition, a

limited survey of pond fish did not show detectable level of PCBs (0.4

mg/kg detection limit). This pathway is therefore technically incomplete

for humans and ingestion of fish will not be considered in the quantitative

assessment of human exposures.

Human ingestion exposures to PCBs may also occur by consumption

of contaminated venison taken during the limited Refuge deer season.

However, as cited in Section 2.6.1 of this report, analysis of ten Refuge

deer for PCB contamination showed no detectable residues in either fat or
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red meat, deer tissue. Given these data and the transient nature of

grazing by deer at the site, the probability of human exposure appears

,--' nil. . , .. . '- -,--: -.-^«"j|Bfe*:VT'- ..•

, For purposes of the evaluation of ingestion exposure, an Individual

.~ is assumed as a worst case estimate to consume 100 mg of soil

contaminated with 7.950 mg/kg of PCBs per trip to the site (i.e. for

hunting), as the result of direct contact with the soil to skin, boots and

clothing. This produces a total ingestion exposure of 0.011 mg/kg/trip

for a 70 kg adult. For the worst case assumption of three such trips per

year, recurring over a 70-year lifetime, a daily intake of 0.093 ug/kg/day

is estimated for the ingestion route (see Table 24-1). A comparable value

for lead exposure would be 0.058 ug/kg/day for ingestion of soil

containing 5,000 mg/kg lead. The corresponding daily intake from

ingestion of soil containing N-nitrosodimethylamine at 440 ug/kg would be
'»"''"'' _g

5.2 x 10 ug/kg/day. The potential human health risks associated with

these chronic exposures are discussed in Section 24.4.2.2.

Wildlife

Data are limited for estimating the chronic effects of PCB and lead to

wildlife. USEPA AWQC (1980) discussed studies indicating mortality and

reproductive failure of mink fed PCB-adulterated fish meal. A nine month

feeding of 2 mg/kg dietary Aroclor 1254 significantly inhibited

reproduction and 10 mg/kg resulted in complete mortality of pregnant

female mink. For purposes of the wildlife assessment, it is assumed that

PCB concentrations in fish are present at one-half the detection limit used

in the survey of pond fish (since the analyses did not measure detectable

residues), for a concentration of 0.2 mg/kg. An assessment of the

exposures to wildlife from pond fish is discussed in Section 24.2.2.2.
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Wltdllfe may also receive exposure from Inadvertent Ingestlon of
- . >

contaminated soil, vegetation, or sediment via preening or burrowing

activities and consumption of food at the site. The magnitude of such

exposures Is also a function of food preference, home range, and

migratory pattern of the species. For instance, deer move relatively long

distances (large home range), feed on or browse through vegetation

located higher off the ground and do little preening. Rabbits have a

small home range, feed on broad leaf vegetation located close to the

ground that usually has higher contaminant concentrations due to rain

splash, and they preen regularly. Some duck (diving) species dabble in

sediments but only spend part of the year in an area and when settled

they move frequently from one body of water to another. Such species

would not be expected to receive significant exposures via residues in the

pond sediments since thes>e might spend approximately two months per

year at the Refuge, and during this time would reside preferentially in

nearby Crab Orchard Lake. On the other hand, duck species which might

remain on-site long enough to receive any quantifiable exposures are

predominantly vegetarian types such as mallards or other surface

dwellers, and could be exposed to contaminants as a result of feeding on

terrestrial and aquatic vegetation. Mice live close to the soil, preen

regularly, and may consume roots or other plant parts grovsing close to

the soil that can accumulate relatively high levels of contaminants from

rain drop splash and wind erosion. In order to assess the potential risks

to wildlife posed by site soil and vegetation residues, these species were

chosen to represent a variety of such biological and ecological variables.

The magnitude of these ingestion intakes of soil, sediment and vegetation
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and their significance In a lifetime of exposure to site PCS residues is

detailed in the following section on Quantitative Risk Assessment.

Exposure of small burrowing animals such as mice to toll residues is

also possible by dermal absorption, as well as by direct Ingestion. No

guidance was located for conducting an exposure assessment of such an

event. Key elements of such an assessment, such as the available body

surface area of a generally fur-covered animal through which such

absorption might occur and the rate of dermal transfer of soil bound

PCBs are a matter of conjecture. Realizing these uncertainties, the

following scenario was constructed.

It is assumed that a small burrowing rodent such as a 30 g mouse

lives in intimate contact with site soils containing a level of 7,950 mg/kg

PCBs. It is further assumed that the body surface area available for

absorption includes close to the entire body (e.g. for species that dust

bathe), and that this area is about 36 cm . Due to the animal's grooming

habits, it is assumed that soil contacting the fur of the animal is

inadvertently consumed, and that these residues are considered under the

direct contact/ingestion scenario discussed above. Hawley (1985) assumed

that soil dust would adhere to human skin at a rate of 3.5 mg/cm .

Assuming a similar rate for the mouse, the exposed skin of the animal will

be in continuous contact with 126 mg of soil containing 7,950 mg/kg. As

reviewed in USEPA 600/6-86/002, Development of Advisroy Levels for PCB

cleanup (1987), an absorption fraction of 0.05 might be used for Aroclor

1254. Assuming that the soil residues of PCBs are absorbed at this rate

every 21 hour period of exposure, it can be estimated that the mouse

receives an exposure to soil PCBs at a rate of 1.67 mg/kg/day.
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Wildlife may also be exposed to low level PCBs via drinking the pond

water. The quantitative assessment for ingestion of pond water is

detailed in Section 24.4.2.2, based on a mean PCB concentration of 0.045

ug/L in pond waters, and assuming a water consumption rate of 10% of

body weight per day for herbivores, and a rate of 30% of body weight for

carnivores (Chew, 1965).

The pond outlet stream provides a mechanism for offslte transport of

PCBs via dissolved and sediment-bound residues. However,, insufficient

data on downstream residue levels and potential receptors prevents

exposure and risk estimates. Dilution effects should lessen the

downstream exposures relative to the worst case pond situation.

Burrowing animals such as mice are estimated to ingest 1.5 grams as

food (10% soil, 90% vegetation), based on a consumption of 5% of body

weight. Soils at this site contain an average of 5,000 mg/kg lead, while

lead levels in vegetation are assumed as 1 percent of the soil

concentration, based on the fraction expected to leach from soils for

uptake by site plants. An exposure of 47.5 mg/kg/day of lead is

estimated as a result of daily burrowing and inadvertent ingestion of dust

while grooming. Heavy metals may also bioaccumulate in organisms such as

earthworms which ingest soil while feeding. In particular, cadmium has

been demonstrated to accumulate in earthworms by a factor of 50-fold

over soil concentrations (Ruelle, 1987). This creates the potential for

ingestion exposures in wildlife via contamination of food chains, as well as

the pond. The significance of these exposures is discussed in the

following section.
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24.1.2.2 Quantitative Risk Assessment

The estimates of total PCB intakes of receptors in complete exposure

pathways are summarized below:

Human Risks

Human PCB exposure at the Job Corps site is technically acute in

nature rather than chronic and Is much lower than any which would raise

concerns for acute PCB toxicity. For instance, access to the Refuge for

deer hunting is granted on a limited basis, greatly reducing the

probability for repeated, chronic exposures as assumed in the following

worst case estimate. The chronic PCB toxic effect of most concern is

carcinogenicity as evidenced by lifetime dietary studies in rodents. The

risk of excess cancer caused by human direct contact exposures at the

Job Corps site may be estimated by multiplying the average daily intake

of PCBs estimated in Table 24-1 by the PCB unit cancer risk factor (i.e.

potency factor; a dose-response factor derived from a conservative

mathematical extrapolation of the animal cancer data). For PCBs, the unit

cancer risk factor determined by EPA is 7.7 (mg/kg/day) (Exhibit A).

Therefore, the cancer risk estimate for humans due to PCB exposure is

7.7 X 1.16 x 10"* - 1.1 x 10~3.

An additional potentially carcinogenic substance, N-nitrosodi-

methylamine, was also present at this site. However, the quantitative data

for this compound is based only on a single detection in soil during the

Phase I investigation. Current risk assessment methodology suggests that

risks from concurrent exposures to a mixture of carcinogenic substances

can be approximated by addition of the risk estimates of the individual

substances. The exposure assessment determined that, under the assumed

exposure conditions, using twice the level detected at the site,

N-nit.rosodimethylamine residues in the soil might result in a daily intake
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TMLE 24-1 (p. 1)

SECTION 24.4.21 JOB CORPS IANDHU C

QUANTITATIVE RISK ASSESSMENT

SPECIES IOOT ESTIMATED DAIIT PCI INTAKE

WEICUT

ka Inhalation late (1) rood (2) Pond Water (3)- -Pond Hah (4)- -Denaal (5)- TOTAL |
air duet vapor Pa Soil Vefet/ PCI liters pa flat) KB Abeorptlen CVOOUM

efl/hr u§ Pa ug PCI ue/ka grim Ineecte ui/k| up/kg freee U|/k| e*/kf PC* flayki/day

area*

NAN 70 1.3 3.40 0.27 0.05 0.10 ~0 0.093 ~0 ~0 ~0 *0 *0 1.46E-04

60 1.3 413 33 7.44 170 1530 24.552 6 0.270 - - ~0 24.56
Mallard 1 - '0 '0 ~0 5 4542.523 0.1 0.0045 ~0 *0 *0 42.52

««bblt 1 0.083 6.63 "0 6.63 7.5 67.5 64.991 0.1 0.0045 - • 0.01 65.01
Mouse 0.03 0.006* 0.48 33 1.104 0.15 1.35 43.328 0.003 0.000135 - - 1.47 46.10
Mink 1 0.083 6.63 ~0 6.63 '0 75 5.963 0.3 0.0135 75 IS "0 5.98

••ran 3 0.25 20 '0 6.63 ~0 ~0 ~0 0.9 0.0405 350 23 "0 0.030

Otter 9 0.75 60 ~0 6.63 ~0 ~0 ~0 2.7 0.1215 900 20 *0 0.027 !

I
-Q - rwfllltlble contribution [

(-> Not applicable er Irrelevant ^

(•) Active breethlm rate uaed for duet eiqpoeure. Reettng rate of 0.0015 «S/hr uaed for vapor expoaure.

Additional Meuaptlone Hated on Page 2. I

\
\

J }



TABU M-1 (p. 2)

..... X AMUTT10OT

(1) tVMLATIOM EXPOMC

Inhalation; S*sad on 10 ag dust Inhaled per e3 of elr, 7.95 us Man PCBs
per ag dust, and 1 hr (Mall aaaaals) or 4 hr« (aan and deer) exposure duration
each cent act.

Vapor Inhalation; Exposures for aen and deer estlaated based on elr aodol by
Hwang, at. el. (1986); see tout. Vapor exposures for burrowing anlaels based on
saturation concantratton of Aroclor 1254 (vapor pressurs • 1.49E-06 pala)
resulting tn approx. 1.36 ag PCS/a3 atr. species breathing rata, and estlaatad
duration tn burrow (16 hr» for aouse).

(2) IftGESTION EXPOSUtE

(Va«atat(on » Soil «• TarrMtrlal awaaalt/lnaactt):
Intake for MftdKft calculatad aa 5X of body wa!ght. axcapt da*r (1.7
Vutawy and Ulray, 1982), rabbit (75 g/day, Cra«n and Xjwaorc, 1978), and *1r*
(1SO g/day, 501 as flah (TowtUt and Tabor, 1962; 6. Sailth. 1988), and 50X as
tarra*trUl <na«ct»/aaMaalt (Carould, 1988). Of at for aaUlard raflaeta
prafaranc* of 75X tarrattrfal Inftaett and 251 va««tat(on In conatdaratlon of ona
of tha Moat auacapttbla parloda of thalr Ufa cycta. Nfnk and aallard total food
a.«po*urtt art adjuatad for how rang*; tha affactad araa Is astfawtad to caar
prla* 10X of tha hoaat ranga for thcsa spacla*.

Iftii/SfdJjSaoi: Ingastton rata basad on Man PCS concantratfon of 7.95 ug/ag toll
and Inadvartant consuaptlon of particulatas i^lla pruning or burrowing
(ulldllft), or fngcstad as • ra«ult of soil ad clothing or boots (aan).

Vegetation Concentration of PCSs astlMted as U of aean soil concantratlon or

Turrestrlsl Anlnals PCS concantratlon a»naiad to ba IDS of residual soil con-
cintratlon (i.e. 795 a«/kg). (C*rould, 1988).

(3) Water Intake rates asiuaad to be 10X of body weight for herviboras, 30X of
body weight for carnivores, and a a*an pond water concentration of 0.045 ug/l.

(4) Fish and aquatic foods era aiiuaad to contain PCS residues at ona half the
analytical detection Halt ba*«d on a Halted aurvey of flat* which did not ihow
detectable PCS residues (0.4 e«/kg detection Halt). Mink aay conauat SOX or 75
t/oay of their total diet as fish (TowelII and Tabor, 1962; 6. Sailth, 1988).
Otter are astlaatad to coneuae 900 g flan/day (901 of 1 kg food/day, Chapman and
Feldhaaaer, 1982); greet blue herons consua* 350 g food/day (Kandeigh, 1970;
Kinhoan, 1977) consisting aoatly of fish and aquatic organise*.

(5) DUNAt ASSCeVTIOM

Denrael absorption exposure would be negligible for transient, large terrestrial
aanaala such as huaana or deer. Absorption exposure would ba negligible for
spades which bathe frequently In water, or otherwise spend little tlaa In
direct contact with soil (e.g. Brink, heron, otter, aallard). Expoaurt eetleatea
fw rabbit and aouae are bated on appro*, body surface area available for con-
stant contact (10 ca2 for rabbit and 3* cs£ for aoue«), adhesion of 3.5 ag soil
per ca£ of body (Hawley, 1985), end SX extent of absorption for Aroclor 1254
(EM/ORD, 1966).



of 5.2 x 10~6 ug/kg/day. USEPA (1987) estimated that a daily intake of

0.0137 ug of this compound may be associated with a risk of excess

cancer of 10~ . Thus, assuming that the 440 ug/kg soil residue of

nitrosamines is representative of the entire site, a cancer risk of 2 x 10~7

may be posed by site exposures to N-nitrosodimethylamine. Adding this

risk to the risk estimated for PCB exposure at the site, a total

carcinogenic risk of 1.1 x 10~ is estimated.
-7 -4This level of risk is higher than the 10 to 10 population risk

level generally considered by regulatory and public health agencies to

pose minimal excess health concerns on a national basis. This estimate

used very conservative values which are mitigated by several major

factors discussed in Section 24.4.3, Analysis of Uncertainties.

Total human intake of lead was estimated to be 0.088 ug/kg/day for

this scenario. For comparative purposes, the USEPA OHEA (1987) has

determined an acceptable daily intake of lead to be 1.43 ug/kg/day.

Thus, the estimated upper bound lead exposure possible at this site is

well below the acceptable daily intake level of 1.43 ug/kg/day.

Cadmium is a human carcinogen by the inhalation route and produces

serious harm to the kidney at low levels of chronic ingestion. Its

carcinogenic potency is estimated to be greater than that of PCBs

(Exhibit A). Therefore, chronic exposure to soil residues of cadmium

would be of great concern if it were to be shown that it was present at

consistently high levels at this site.

Wildlife Risks

The mean water concentration of PCB in the pond is below the

criterion of 2 ug/L considered by USEPA AWQC (1980) to protect



TABLE 2*-2 (p. 1)

JOR CORPS LANDFILL 1 POND
EXPOSURE ASSESSMENT FOR SO NC/KC CLEANUP

SPECIES ROOT

•g
•fr du.it vapor PCI
•1/hr ug PCS ug PCI ug/kg

ESTIMATED DAILY 1

Soil Veget/ Pa
greaw Insect* ug/kg

graa»

•a INTAKE

lltera PCR Flail PCR Abaorptlon EXPOSURf
ug/kg graav ug/kg «g/kg Pa •gAt/dey

NAN 0.0042 0.10 ~0 0.001 4.77E-0*

Deer

Nallard

Rabbit

Mou»«

Mink

Heron

Otter

60

1

1

0.03

1

I

9

1.3
-

0.083

0.0061

O.OB3

O.Z5

0.75

3
"0

0.04

0.003

0.04

0.13

0.38

33
'0

-9
7.20

-o
-o
-Q

0.993

'0

0.04

240

0

0.042

0.04

170

5

r.s
0.1S

"0

•o
"0

1S30

4$

67.)

1.35

75

-o
-o

154

267

409

273

37.5

-o
-o

6

0.1

0.1

0.003

0.3

0.9

2.7

75
350
900

15
23
20

•o
'0

0.0001

0.011

"0
"0
"0

0.155
0.267
0.409
0.523
0.053
0.023
0.020

"0 • negligible contribution
( ) Hot •ppllcebt* or Irrelevant
(*> Active bre«thing rate used for du*t exposure.
Additional Mtuaptlons (note*) listed on Page 2.

letting rate of 0.0015 ai3/hr used for vapor expoaure.



TU(J 24-1 (p. 2)

AS»J«»T1QII1

Irrststlon; lased on 10 aa duet Inhaled per a3 of air, 0.09 uo a»an PCSt
per MB duet, and 1 hr (MM II Mmnlt) or 4 hr» (Mn and deer) exposure duration
each contact.

(1) INHALATION EXPOSURE

YJCSC Inhslatlen; Exposures for MH and deer tstfavtad based on air Model by
Itwang, et.al. (1986); tee text. Vapor exposure* for burrowing anfnlt bssad on
eMfssfon rata of 0.61 ug/«3 at 1 *g Aroclor 1234/kg and 10 aph Mind, corractad
for 50 aoAg a*an concantratlon and Ion air turnover within burrow spec* (1 >ph
Mind), for a aodlffad ealtalon rata of 305 ug/e£. EstiMted duration In burrow
16 hrt (for burrowing rodant).

(2) INZST10N EXPOSURE

Tc^al Fgyd (Vegetation » Soil » Tarraatrlal •amal«/lna«cta):
Intakta for wlldllfa calcutatad aa 51 of body wafght, axctpt daar (1.7 koydiy.
Vut«*y and Ulrey. 1962). rabbit (75 a/day. Crt«n and Dunajnra. 1978), and air*
(150 a/day, 501 aa flah (Towalll and Tabor, 1962; C. Safth, 1988), and SOX aa
tarraatrlal (n»«ct>/Mnaala (ttrould, 1988). Dlat for Ml lard raflacta
prafaranca of 75X tarrastrlal Intact* and 251 v*g«tat1on In conaldaratlon of ana
ijf the aoat auacepttble parloda of thalr Ufa cycle. Mint and tallard total food
expoaures are adjusted for hoa* range; the affected area la aatlaatad to coar

10X of the hoa» rang* for thoa cpaclaa.

Soil/Sediment; 1nge«t1on rata baaad on Man PCI concantratlon of 0.05 UQ/B« toll
and Inadvertent conauwptlon of partlculatea while preanlng or burrowing
(wlldllfa), or lnge«ted aa a result of tolled clothing or boots (aan).

Vegetation Concentration of PCtt e«t(Mted aa IX of Man aotl concantratlon or
0.5

Terreetrlal Intecti PCt concentration aasuaed to be 10X of reeidual aail con-
centration (I.e. 5 a«/kg>. (Carould, 1988)

(3) leeldual PCI lavvla In tKa pond water would ba nen-datactabla following
rea«d1atlon. Due to the lack of a waate aourca, this pathway It technically
I nc oaplete.

(4) Flth and aquatic foods are asiuMd to contain PCI residue* at one half the
analytical detection licit bated on a Halted survey of flth which did not show
detectable PO residue* (0.4 a«/kg detection llaiit). Nlnk MY coneuae SOX or 75
g./'day of their tatal diet aa flth (Towalll and Tabor, 1962; C. Sa>1th, 1988>.
Otter are asttnetad to rmai.as 900 g fish/day (90X of 1 kg food/day, Oiapnan and
rddhaMar, 1942); great blue herons conauM 350 g food/day (Cendaigh, 1970;
KjJthnan, 1977) consisting aoatly of flth and aquatic organlsa*.

(5) 0£BUi AMORPTION

Oertsal abaorptlon exposure would be negligible for transient, large terrestrial
•Me Is auch aa huaana or deer. Absorption exposure would ba negligible for
species which bathe frequently In water, or otherwise spend little tiM in
direct contact with soil (e.g. link, heron, otter. Ml lard). Exposure eatlMtas
for rabbit and acute are based on approx. body surfacs ar*a available for con-
stant contact (10 c»2 for rabbit and 34 c»2 for aouse), adhesion of 3.5 M tell
pirr oa2 of body (Hswley, 1985), and 51 extant of absorption for Aroclor 1254
(EPA/080. 1986).



freshwater aquatic species from acute toxlcity, although high PCB levels

in the sediments may pose an undefined acute toxlcity risk to benthic

organisms. However, the ambient water quality criteria for chronic effects

in freshwater aquatic organisms (0.014 ug/L) is exceeded by at least

three-fold in the Job Corps Pond. While a qualitative examination of the

pond showed no gross evidence of ecosystem impairment, it Is possible

that sensitive elements of the pond community are being affected by

chronic PCB exposure.

Exposures to PCBs for several typical terrestrial wildlife species

were evaluated for the site. For comparative purposes, a 1.0 kg adult

female mink consuming 150 g dally of a 2 mg/kg PCB diet receives a daily

intake of 300 ug/kg/day *-hich is a chronic effect level for this species.

The mink, however, may be unusually sensitive to PCB effects relative to

other mammals. *

The most obviously a f 'c~ted species may be fish-eating mammals

(mink, otter, raccoon) and birds (herons, merganser ducks, osprey),

even though a limited survey of Job Corps pond fish did not detect

PCBs. If these species showed the same sensitivity to PCBs as shown by

mink and chickens in laboratory studies, reproductive failure and possibly

overt lethality may occur at this site. The estimated whole fish PCB

concentration of 12.5 mg/kg could potentially exceed the chronic dietary

levels (2-5 mg/kg) producing lethality and reproductive failure In mink, a

piscivorous mammal (USEPA AWQC, 1980). Even using less conservative

estimates for BCF and water PCB concentrations, sensitive piscivorous

mammals such as mink may be at risk from pond PCB contaminants,

provided they accumulated to the levels estimated based on their physical

properties.
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Fish-eating birds such as herons and certain ducks may also be at

, ^ ,, risk but insufficient data exist to estimate degree of risk. Of particular

concern is the location of two active bald eagle (an endangered

• piscivorous species) nests on the Refuge, since fish from the site pond

might be a source of prey (Ruelle, 1987). Domestic chickens given 20

mg/kg dietary PCB displayed a broad spectrum of reproductive and

teratogenic effects (Exhibit A). A quantitative assessment of exposures

to bald eagle due to ingestion of PCB residues in fish Is presented in

Section 38.A. Wildlife Assessment for Crab Orchard Lake. No PCBs were

detected in fish sampled at the Job Corps Pond, and, due to the large

foraging range of these species, exposures to bald eagles at this would

not be expected to be significant. For other species such as deer and

duck, incidental, short term exposure to pond sediments while browsing

or searching for food are relatively low based on the site conditions and
' •'•*•''

habitat (see Table 24-1).

USEPA ECAO-CIN-um (1987) determined that a daily exposure of

rats to 1 mg/kg/day of Aroclor 1254 constituted a subchronic no adverse

effect level in that species, compared to the site ingestion exposure

estimate for mice of 46 mg/kg/day. Rabbits are estimated to receive total

exposures on the order of 65 mg/kg/day at this site. Thus, small

herbivorous mammals such as mice and rabbits are likely to be at risk

from site PCB residues.

An alternate assessment of wildlife risks from exposure to PCBs was

developed independently by the U.S. Fish and Wildlife Service, which is

presented in its entirety in Exhibit D. Using a three-phase fugacity

mode! and dietary/dtrmal exposure assumptions, total daily PCB exposure

was estimated for a burrowing animal such as a pocket gopher. As

25-36



developed, approximately 90 percent of the total exposure is determined

by Inhalation of PCBs In the animal's burrow. The air concentration is

related to soil PCB concentration using a partitioning model, based on the

estimated fugacities of PCBs in air, soil, and water, as developed by

Mackay and colleagues (Mackay, 1985).

It is assumed that the exposed animal spends all of its time in a

sealed burrow, actively burrowing 9 hours per day and resting 15 hours

per day. It Is assumed that the PCB concentrations in air, soil, and

water are in thermodynamic equilibrium at all times. Soil concentrations

were back-calculated to represent concentrations which would result in

exposures comparable to food consumption rates employed in laboratory

tests for wild and domestic rodent species, which were associated with

biological and toxicological effects. Two examples are presented:

1) 0.7 mg/kg soil PCBs would result in exposures comparable to

the dietary PCB exposures in an experiment which was found to

"... increase the liver weights in F1 male weanling rats..." and

to "... decrease the circulating levels of adrenal cortex hor-

mone B...".

2) 7 mg/kg to 11 mg/kg soil PCBs would result in exposures

comparable to the dietary PCB exposures in an experiment

which was found to "... decrease the weight of reproductive

organs, growth rates, and reproductive success of second

generation white-footed mice...".

A soil sample analyzed in the Phase I survey of the Job Corps site

showed a trace level (0.22 mg/kg wet weight) of N-nitrosodlmcthylamine.

In order to provide a conservative estimate of the potential effects from
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this contaminant, and due to deficiencies noted In the analytical result for

this solf sample, the quantitative evaluation for humans as well as for

wildlife ; Is ' based on twice the detected level or 440 ug

/ N-nltrosodlmethyfamine per kg of exposed soil. Because of the Intimate

contact which small burrowing mammals may have with soil, the risks of

direct contact of wildlife to these residue levels are assessed below, based

on available Information on the effects of nltrosoamlnes summarized in the

risk assessment for Site 19 (see Section 26.4).

Using the assumptions given above for exposures of burrowing mice

(30 g body weight) to site PCB and lead residues, exposure to soil

residues and vegetation (assumed to contain 1% of the soil concentration)

of 0.44 mg/kg N-nitrosodimethylamine will produce a daily intake of 4.2 x

10~ mg/kg/day by the Ingestion route. Vapor inhalation would not be

expected to be significant at the low microgram level of contaminant

observed. Inhalation of contaminated dusts (e.g. during burrowing) are

estimated at 8.8 x 10* mg/kg/day. Using the unit risk factor of 26

(mg/kg/day)'1 derived in USEPA ECAO (1986—) based on rat studies,

and assuming a similar sensitivity for wild rodent species, a cancer risk

estimate of 1 x 10~ is derived for the total potential exposure received

by burrowing rodents at this site. As discussed in Section 26.4, the

significance of this risk level is uncertain. The effects of cancer,

generally incurred later In an exposed organism's lifetime, may be very

small when considered in light of other factors influencing whether a

wildlife population can maintain itself (i.e. survival to reproductive age,

competition, weather, disease, predation, etc). On this basis, Newell et

al. (1987) chose a risk level of 10~ as a level of acceptable carcinogenic

risk for wildlife, with the acknowledgement that more study is needed to
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justify this choice. Using this rationale. It Is concluded that wildlife

exposure to site residues of N-nltrosodlmethylamlne could result in a

carcinogenic response, but the biological significance of the response

cannot be assessed with currently available Information.

Additional studies were reviewed to further evaluate wildlife expo-

sures to N-nitrosodimethylamine at this site. USEPA ECAO (1986—) used

a reproductive effects study in adult female mice to establish a lowest

observed effect level (LOEL) of 0.019 mg/kg/day for

N-nltrosodimethylamlne. The estimated dally exposure rate of 0.0042

mg/kg/day at this site is below this LOEL. Thus assuming exposed spe-

cies are of equivalent sensitivity to N-nitrosodimethylamine as laboratory

mouse strains, the estimated exposure rates are below a level which may

elicit a toxic response under subchronic conditions.

As estimated in the previous section, burrowing mammals and other

site wildlife may be endangered by chronic exposure to site lead levels of

47.5 mg/kg/day. The effects of these lead residues on wildlife species

are largely undocumented, but using the human criterion for acceptable

intake levels, wildlife ingestion of even a small fraction of this value may

produce reproductive impairment and possibly other subtle effects which

might decrease survival of wild populations. A similar argument may hold

for aquatic organisms and piscivorous species exposed to lead via aquatic

foodchains, although insufficient data exists to assess an expo-

sure/response relationship.

Cadmium is also potentially toxic to fish and wildlife, and can

biomagnify to potentially toxic levels in soil-ingestion foodchain animals

such as earthworms. Small predaceous birds and mammals would be at

particular risk If cadmium was consistently elevated at this site.
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24.4.3 Analysis of Uncertainties

As discussed in Section 6.5, most approaches to quantitative risk

assessment are inherently conservative in order to be most protective of

public and environmental health in the face of numerous scientific uncer-

tainties and insufficiencies in case-specific data. At the Job Corps

landfill site, worst case estimates indicated that risks to environmental

populations may be posed by PCBs and nitrosoamines residues at the site,

particularly by inhalation and ingestion of dust-borne residues. Several

areas of uncertainty exist, however, which may serve to mitigate the

quantitative degree of risk. First, the level of contaminants in fish

consumed by wildlife were estimated using reasonable worst case as-

sumptions on bioconcentration potential. The estimates of exposure to

wildlife due to ingestion of fish were based on an average potential

bioconcentration factor, although a limited survey of pond fish did not

show detectable PCB levels. The fish data were used only qualitatively to

support the conservative nature of the wildlife assessment, since only two

samples were collected following the Phase II sampling effort.

The worst case human cancer risk assessment for PCBs and for

chronic toxicity from lead was conducted using an assumption of lifetime

visits (i.e. for hunting), a highly improbable event. It is not likely that

the same individual will continue to hunt on this site annually, three

times each year over an entire 70-year lifetime. The assessment devel-

oped for N-nitrosodimethylamine was based on doubling the result from a

single soil sample analyzed in the Phase I survey, although the purpose

of that survey was to screen the site and not to support a quantitative

assessment. Thus, the limited analytical data for nitrosoamines do not

provide for a confident estimate of the risks associated with nitrosamines
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exposure. Furthermore, the quantitative assessment model that was used

assumes that there is no exposure level for PCBs which does not pose a

risk from cancer. However, there is accumulating evidence that PCBs

may induce cancer in animal tests through a threshold mechanism, such as

promotion of pre-existing lesions (Williams and Welsburger, 1986). Thus,

It Is possible that low exposures to PCBs may not present concerns for

carcinogenic effects.

Finally, the size of the potentially exposed human population is at

best very small and It is unlikely that an increased occurrence of cancer

at even a 10~ risk level could be detected above background levels of

disease, since the probability that even one individual would meet the

worst case exposure criterion is almost nonexistent. Assessment of human

and wildlife risks from lead exposure is limited by lack of knowledge of

the types of insoluble lead salts (i.e. sulfate, oxides) likely to be present

at the site. It has been speculated that the geese found in 1985 at this

site (See Section 2^.1) may have died as a consequence of contaminants

encountered here. However, given the limited data base, it is not appro-

priate to implicate site contamination as the reason for geese kills at the

site, since no PCBs or other organic were detected in the carcasses and

metals were not analyzed. It is of interest to note that some of the

better documented cases of wildlife lead toxicity concern waterfowl (Ex-

hibit A) presumably due to ingestion of lead shot while feeding in aquatic

environments subject to hunting.

23.5 Preliminary Remedial Alternatives

On the basis of the above assessment, It was determined that the

levels of contaminants present pose risk levels to exposed human and
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wildlife receptors. The major contaminants of concern in soils, sediments

and waters were identified to be cadmium, lead and PCBs. The explosive

residue nitrobenzene was also detected in both ground water and surface

water at levels below the AWQC. The contaminants in soils were found to

be associated with only the top 0-1 ft. of soil in the landfill, while sub-

surface soils (between 1 and 3 ft. depth) did not contain detectable

concentrations of contaminants with the exception of one core which

showed 11.6 mg/kg PCBs and 219 mg/kg lead. Contamination in sedi-

ments was detected in the surface samples (109.6 mg/kg wet wt PCBs to 1

ft depth), but no subsurface sediments were collected to verify the levels

in subsurface sediments. Fish samples from the pond showed lead levels

up to 6.9 mg/kg (bluegill only), but PCBs were undetected (0.4 mg/kg

detection level) and only traces of cadmium and mercury were found.

In its current condition, the Job Corps Site should not be used for

any activities which would increase the potential for human and/or wildlife

exposure via the water or direct contact with soils/sediments. Future

uses of the site might be considered, subject to additional testing to

assure the site does not constitute a risk to potential human or wildlife

receptors.

Risk levels from site contaminants may be reduced to a range of 10

to 10~ , generally considered acceptable by regulatory and health

agencies, by implementation of appropriate remedial actions. In Section

24.4.2.2, it was estimated that PCB soil concentrations of 7950 mg/kg

presented an excess cancer risk of 1.1 x 10~ for the assumed scenarios

of exposure. Using similar assumptions, the risks to humans would be

^reduced to an acceptable range of 10 to 10 by precluding exposure to

soils containing PCB concentrations greater than 7 to 70 mg/kg. Section
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24.a.2 .2 also Indicates that the most sensitive wildlife species, mink,

shows reproductive lowest observed effects with chronic exposure to PCBs

at 600 ug/kg/day (Newell, 1987). The 7 to 70 mg/kg level of remediation

of exposed surface soils is 14 to 1.4 fold lower than the no observed

effect level for protection of the most sensitive wildlife species. Exposure

estimates under an example cleanup scenario of 50 mg/kg PCBs in soil are

presented in Table 24-2. The assumptions used in calculating such

exposures are similar to those used in the site risk assessment (Section

24.4) .

In general, the objectives of the remedial program to be developed in

the FS will be to render incomplete all possible transport routes between

contaminant sources of concern and potential receptors, including the

routes of direct contact (absorption, ingestion), surface water transport,

and inhalation of contaminc i dusts or vapors. With respect to contam-

inated transport pathways such as drainage ditches (as opposed to con-

tamination sources) identified as a concern, such remedial measures as

surface excavation, capping, regrading, revegetating, and surface water

diversion will be emphasized in the FS.

Table 2 of the Executive Summary section summarizes the remedial

responses which are likely to be the focus of the FS investigation. Some

of the potentially applicable remedial measures for this site are discussed

below.

Limited Site Access

One of the immediate measures to be taken at Job Corps may be to

limit human and wildlife exposure to the site. Fencing and closing the

area to all but Refuge Personnel, and maintaining a thick vegetative



cover, may be appropriate until further remedial action can be com-

menced. Deed restrictions might be Imposed to limit future uses of the

area.

Surface Water Control

The purpose of surface water control would be to prevent run-on

and run-off within the landfill, to preserve the vegetative cover, and

prevent transport of contaminated soil to the pond and eventually to Crab

Orchard Lake.

Off-Site Removal or On-Site Containment of Soil and Sediment

Contaminated surface soil and sediments (up to 1-1.5 ft depth) might

be excavated and removed for treatment off-site or regraded and con-

tained on-site. Clean soil will be used for fill and capping any areas

requiring excavation. Alternatives for containment of wastes might in-

c!ude removal to a secure landfill or secure storage such as in the

Munitions Bunkers In Area 13. An estimated 700 CY of soil from the

landfill area may require removal or containment based on the sampling

results from the Rl. The areal extent of contamination at the landfill

may extend north and east beyond the area sampled an additional 25-50

ft. on either side; if this is confirmed by pre-remediation sampling, the

total volume of soil for removal could be greater than 700 CY.

The sediments from the shallow areas of the pond adjacent to the

landfill contained PCBs, cadmium and lead concentrations which exceeded

the levels detected at the control sites. These sediments pose a concern

in that contaminants can slowly leach or suspend with sediments in the

water and increase the probability of exposure to wildlife and humans or



could be transported off-site. Based on the sampling program, the extent

of sediment contamination in the pond is estimated to Include an area

e'xtending 25 ft. from the shoreline surrounding the landflltrup to a depth

of 2 ft. However, this extension might be better defined prior to actual

cleanup. Based on the Rl data, an estimated 560-600 CY of sediment may

require removal. The sediment samples collected from the deep (middle)

portion of the pond did not contain elevated levels of contaminants.

The required depth and areal distribution of contaminated sediments

and soil requiring cleanup might be further defined through additional

sampling. The required sampling efforts might be incorporated in the field

efforts proposed for the FS.

Monitoring

The remedial response alternative to be implemented at this site

might include periodic sampling and analyses of the four monitoring wells

and of the pond water and sediment for cadmium, lead, and PCBs.

Follow-up studies might begin immediately after remediation and continue

periodically to verify the adequacy of the cleanup.

Conclusions and Recommendations

It can be concluded that the Job Corps Landfill is impacted, with the

primary pollutants being PCBs and lead. Based on a quantitative risk assess-

ment, it was found that, since human exposure is limited, due to the location

of the site, concerns for protection of wildlife would be the focus of the

remediation effort.



SECTION 25 - SITE 18. AREA 13 LOADING PLATFORM

25.1 Site Description

Area 13 of the Refuge consists of approximately 85 bunkers that were

originally built for storage of 500 Ib. bombs. Most of the bunkers are

currently used by Olin Corp. and U.S. Powder to store explosives.

Agricultural fields are cultivated between the bunkers. This area was served

by a rail spur which was abandoned and dismantled. It was reported to the

Refuge Manager that chemicals used in munitions manufacturing were dumped

off the platform.

Site 18 consists of the Area 13 loading platform, a concrete pad 235 feet

long by 10 feet wide elevated by about five feet. (See Figure 25-1). The

dock is supported on concrete posts spaced about 9 feet apart. The northwest

side of the platform contains stone bedding (probably from the old railroad

•' bed) with a number of small areas of ponded water. No unusual vegetation

changes were detected. The only curious item was a pile of dirt and stone

rubble off the west end of the dock with a rusted drum shell nearby.

2j_-j_Site Investigations

2 5 . 2 . 1 Phase I Site Investigations:

Four composite soil samples (0-1 ft depth) were collected around the

perimeter of the dock. Samples were collected from each of the two sides

of the dock and from each end. The composites along the north and

south consisted of 20 grabs, while the east and west composites consisted

of 2 grabs each. Location 18-1, at the west end of the dock, was

resampled for full priority pollutant analysis because U contained the

' highest FID scan reading at Site 18.
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25.2.2 Phase II Site Investigations;

No sampling was conducted in the Phase II investigation.

25.3 Analytical Results (See Appendix I, Page 18)

Trace quantities of the explosive tetryl were observed in two soil samples

(1.90 mg/kg In each) from the north and east sides of the platform. Metals,

volatiles and indicator parameter concentrations were similar to concentrations

found in soils from the control sites. Two exceptions were noted: magnesium,

91,100 mg/kg in sample 18-4 and sodium, 2,330 mg/kg in sample 18-1, although

these are estimated values only. CLP HSL organics analyses on sample 18-4

showed the presence of 4,050 ug/kg wet weight di-n-octyl phthalate. Several

other semi-volatile organics were also detected at concentrations less than 300

ug/kg. Acetone and methylene chloride were detected, due to contaminants in

the laboratory QA/QC blank. The volatile and semi-volatile organics data for

Phase I are questionable due to QA/CC deficiencies or unreliable support data

(see Exhibit B). The positive detections reported are thus estimated values

and some compounds which were not detected may in fact be present.

25.4 Environmental Effects

25 .4 .1 Qualitative Assessment

This site was chosen for investigation based on its history of use as

a loading dock for chemicals and explosives used in munitions

manufacturing. It has also been reported that chemicals have been

dumped on the site. The use of nearby areas as agricultural fields also

warrants the need for an accurate site characterization.

Phase I analyses detected traces of the explosive tetryl. All other

parameters were similar to the concentrations found in soils from the
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control sites with the exception of magnesium and sodium In two different

samples. However, at these concentrations, these metals will not threaten

wildlife or affect human health. Di-n-octyl phthalate was also found in one

sample, but it too was at a concentration below the Refuge background

level.

Because there is no established waste source at this location, it is

not possible to have a "complete" exposure scenario. Therefore, on the

basis of the information generated, it can be concluded that the site does

not represent a risk of chemical exposure to potential human or wildlife

receptors.

25.U.2 Quantitative Assessment

Because a complete exposure scenario could not be identified in the

qualitative assessment, there is no basis for preparing a quantitative risk

evaluation.

25.4.3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

site inspection and a sample analysis. The only unusual observation was a

rusted drum shell located on a pile of dirt and stone rubble, indicating

that some supplies may have been dumped when the loading platform was

in use.

Chemical residue information consisted of analytical results for

surface soil samples. This information was obtained only for the top one

foot of soil; deeper soil borings were not conducted. Since there is no

evidence to suggest that the surrounding soil has been disturbed, and

the loading and unloading activities practiced at the site would likely
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contribute only to surface contamination, these samples should adequately

represent the site conditions.

. . It can be concluded that the data generated are adequate for

. evaluation of the remedial alternatives for this site. The analyses indicate

that the site does not contain contaminants at levels that would be

detrimental to human health or to the environment.

25.5 Preliminary Remedial Alternatives

Preliminary Phase I screening results discussed in the previous section

indicated that this site does not contain contaminant levels that would result in

a negative environmental impact. Therefore this site was not included in the

Phase II investigations. There will be no further evaluation of remedial

alternatives, and this site will not be included in the FS.

25.6 Conclusions and Recommendations

It can be concluded that the Area 13 Loading Platform does not represent

a chemical exposure risk to hjman or wildlife receptors at the Refuge or at

other locations. No further evaluation is recommended for this site.
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SECTION 26 - SITE 19, AREA 13 BUNKER 1-3

26 J Site Description

r Further information on Area 13 can be found In Section 25.1. It has
r*

been reported that chemicals may have been released near Site 19, Bunker No.

1-3, probably In the adjacent field. There Is no observable impact on

vegetation in the field except for one area of discolored vegetation.

Wild spread presence of scattered red bricks suggests dumping has occurred at

the site. An L-shaped area of brown vegetation was noted to the west side of

one of the bunkers.

ILi? Site Investigations

26.2.1 Phase I Site Investigations:

Four composite soil samples (0-1 ft depth) were collected, one from

each side of the bunker at distances up to about 125 feet. (See Figure

26-1). An additional composite soil sample was taken from the brown

vegetation area.

2 6 . 2 . 2 Phase II Site Investigations:

One Phase I soil location (0-1 ft depth) was resampled for mercury

analysis.

26^3 Analytical Results (See Appendix I, Page 19)

26.3.1 Phase I Analytical rfesults^

The FID scans showed low organic levels, on the order of 286-1,901

ug/kg, in the soils. The volatile and semi-volatile organics data for

Phase I are questionable due to QA/QC deficiencies or unreliable support

26-1



FIGURE 26-1

WOODED
AflEA

SITE 19
AREA 13 BUNKER 1-3

PHASE I

APPROXMATE SCALE

0 K30 200
(FEET)

I-3

19-

-DECONTAMINATION AREA

rrnoicwerscoe



FIGURE 27-1

SITE 20
D AREA SOUTH

DRAINAGE CHANNEL

PHASE I

SWALE

APPROXIMATE SCALE

B
o IOO

(FEET1
200 ©-DECONTAMINATION AREA

G O-BRI ENS GERE
CK.I—m.= = ra= "•"-



data (see Exhibit B). The positive detections reported are thus estimated

values and some compounds which were not detected may in fact be
f

. present. The sample analyzed for full organics contained, on a wet

weight basis, PCBs (1.1 mg/kg) and N-nitrosodimethylamine (1,455

ug/kg). The sample collected from the area of brown vegetation (location

19-5) contained 0.90 mg/kg of the explosive tetryl. Mercury was

detected in one sample (19-4), from the front of the bunker, at 3 ug/kg,

but this analysis was repeated in Phase II due to poor calibration data.

All concentrations for metals in soils were similar to those detected at the

control sites.

26 .3 .2 Phase II Analytical Results:

The mercury concentration in the second sampling of location 19-4

was 28 ug/kg, slightly above the detection limit of 20 ug/kg.

26.t i Environmental Effects

26.4.1 Qualitative Assessment

This site was chosen for investigation based on reports that

chemicals had been poured onto the ground in an adjacent field. This

dumping may have contaminated the surrounding area, as evidenced by a

patch of discolored vegetation and an L-shaped area of brown vegetation.

Phase I analyses detected traces of the explosive tetryl and

N-nitrosodimethylamine. N-nitrosodimethylamine has been shown to be

carcinogenic in a number tests and is considered a suspect human

carcinogen on this basis. The concentration of this compound at this site

is higher than detected anywhere else on the Refuge,

N-nitrosodimethylamine will be the focus of the risk assessment. The
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Phase II mercury concentration was slightly above the detection limit but

is within the level typically found in soil matrices and is not considered

to pose a threat to w( Id life or to human health.

26.4.2 Quantitative Assessment

The preliminary data from the Phase I survey indicate that

N-nitrosodimethylamine is the contaminant of primary concern at this site,

with 1,U55 ug/kg detected in a site soil sample. Due to analytical

deficiencies noted in the Phase I result for the single soil analyzed for

this compound, and in order to ensure a conservative outcome from the

analysis, the assessment below is based on twice the concentration

detected, or 2,910 ug/kg. Because this compound has teen shown to be

carcinogenic to animals, a preliminary quantitative risk assessment will be

performed, even though the data available are too limited to place a great

deal of confidence in the result. Additional areas of uncertainty in the

risk assessment are discussed in Section 26 .4 .3 , Analysis of

Uncertainties.

It is assumed that, during an excursion through this site, a human

visitor to the site may ingest an average of 100 mg of site soil containing

2,910 ug/kg of N-nitrosodimethylamine as a result of direct contact

exposure. This contact would result in an average exposure of 0.291 ug

of N-nitrosodimethylamine per visit. Given the remoteness of the site and

the absence of daily activities by humans in the area (the general area of

the bunker sites is restricted by a locked fence to all but authorized

personnel), visits to the site by humans do not occur on a daily basis.

As a reasonable upper case exposure estimate, it is assumed that a

Refuge employee visits the site once per month over a 30-year period, or

360 exposure days. U.S. EPA (1987) has estimated that a daily intake of
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0.0137 ug of this compound each day for lifetime may be associated with

an upper bound acceptable carcinogenic risk level of 10 . Utilizing the

estimated intake of 0.291 ug/visit, an exposure of 0.004 ug/day is

-obtained when normalized over a 70 year lifetime. The estimated

incremental cancer risk associated with this exposure level is 2.9 x 10~6.

This estimate, developed under a set of reasonable worst case exposure

-4 -7assumptions, is within the range of 10 to 10 risk considered

acceptable to regulatory agencies for exposed populations.

The detection of N-nitrosodimethylamine in a soil sample analyzed in

the Phase I survey of this site also presents a mechanism for exposure

for terrestrial wildlife via the direct contact route. The levels of exposure

would be greatest amongst small mammals as a result of inadvertent

ingestion of contaminated soil residues and dust during daily burrowing,

feeding and grooming. Thus, the risks of direct contact of these species

to site nitrosamines residues are assessed. The risks to larger and/or

less sensitive species, or to those which have less contact with soil

residues would be proportionately lower. A search of on-line data bases

(Pollution Abstracts, Biosis Previews, NTIS, HSDB) did not identify

published studies on the effects of N-nitrosodimethylamine on pertinent

wildlife species. Therefore, tests with surrogate species (i.e. laboratory

rodents) are used in the assessment below.

Using the exposure assumptions detailed in Section 24.4.2.2 for

exposures of burrowing mice, exposure to soil residues of 2.91 mg/kg

N-nitrosodimethylamine will produce a daily intake of 2.76 x 10

mg/kg/day by the ingestion and inhalation routes. The most widely

reported effect of chronic exposure of laboratory rats and mice to

N-nitrosodimethylamine is the induction of hepatocellular carcinoma in a
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number of Investigations (HSDB, 1987). Using these data, U.S. EPA

(1986) derived a unit risk factor of 26 (mg/kg/day) . This value is an

upper bound estimate of the slope of the tumor-exposure relationship,

chosen as a conservative estimate of human response to carcinogen

exposure at low concentrations. Assuming a similar sensitivity for wild

rodent species, a cancer risk estimate of 0.72 is derived for burrowing

rodents at this site. The significance of this risk level is uncertain. As

discussed by Newell et al.(1987), concerns regarding the effects of

cancer on wild populations are largely unknown, and risk levels of

concern to humans are not directly transferable to wildlife. Many other

factors come into play when addressing whether a wildlife population can

maintain itself (i.e. survival to reproductive age, competition,, weather,

disease, predation, etc), and the effect of cancer, generally forming later

in an exposed organism's lifetime, might thus be very small. On this

basis„ Newell et at. (1987) chose a risk level of 10 as a level of

acceptable carcinogenic risk for wildlife, with the acknowledgement that

more study is needed to justify this choice. Using this rationale, it is

concluded that wildlife exposure to site residues of N-nitrosodimethylamine

could result in a carcinogenic response, but the biological significance of

the response cannot be assessed with currently available information.

Additional review of the literature on the effects of

N-nitrosodimethylamine to wildlife is presented in USEPA's study on the

Environmental Effects Profile on Nitrosamines (1986--). The authors used

a reproductive effects study in mice to establish a minimum effective dose

for N-nltrosodimethylamine. In this study, female mice were exposed to

0.1 mg/L of N-nitrosodinethylamlne in drinking water for 75 days prior to

mating, through pregnancy and weanlny. Such exposure resulted in
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significantly elevated fetal mortality In the treated group. Since mice

consume approximately 5.7 ml of water per day, and the adult mouse body

weight is approximately 30 g, an approximate exposure rate of 0.019

nig/kg/day is obtained as a lowest observed effect level (LOEL). The

estimated daily exposure rate of 0.0276 mg/kg/day using twice the residue

level detected at this site is roughly equal to this LOEL. Thus, assuming

exposed species are of equivalent sensitivity to N-nitrosodimethylamine as

laboratory mouse strains, and that the presence of this compound is

widespread through the site at twice the level quantified in the survey,

the estimated exposure rates may elicit a toxic response under subchronic

conditions.

26..M.3 Analysis of Uncertainties

The information relied upon for evaluating this location consisted of

a site inspection and sample analyses. The inspection of the site revealed

one area of discolored vegetation and some evidence of dumping.

Chemical residue information consisted of analytical results on surface soil

samples. This information was obtained only for the top one foot of soil,

whereas deeper soil borings were not conducted. Since there is no

evidence to suggest that the surrounding soil has been disturbed, and

the storage activities at this site would most likely not contribute to

subsurface contamination, these samples should adequately represent the

conditions of the site.

The quantitative risk assessment was performed under a worst case

chronic exposure scenario of repeated monthly exposures and considered

only the single data point available for a soil sample in which

N-nitrosodimethylamine was detected in the Phase I survey. This result is
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only qualitatively reliable due to Insufficient QA/QC supporting the

' analysis. In addition, the residue concentration detected was doubled in

the risk calculation to provide a more conservative outcome. This worst

case approach resulted In a risk estimate on the lower end of the 10 to

10~ level generally considered as an acceptable range of risk to humans.

The exposure level estimated for Inherent populations of small burrowing

mammals could measurably affect reproduction of such species if these

were to meet the set of worst case assumptions used in the assessment.

However, the actual level of risk posed by site-related contaminant

exposure cannot be stated with confidence without a more thorough

sampling of the site.

26.5 Preliminary Remedial Alternatives

The . . , _ a i results and the evaluation of environmental effects for this
'

site indicated that N-nitrosodimethylamine residue levels in soil may pose

unacceptable exposure levels to small wild rodent species. The risks to

potential human receptors were determined to be on the order of 10~ , which

is a level generally considered acceptable. Due to previous activities in this

area, including use of the bunker sites for storage of munitions, explosives,

and other wartime supplies, the nitrosamines residues in a soil sample from

this site may be the result of degradation of chemicals previously stored in

this area. No further evaluation of remedial alternatives will be conducted for

this site; however, it is recommended that the Refuge Management initiate

additional investigations in this area to determine if further action will be

necessary to protect potentially exposed wildlife.
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2(5.6 Conclusions and Recommendations

It can be concluded that the Area 13 Bunker 1-3 site does not represent

a risk of exposure to human health, but may be affecting resident wildlife due

to the presence of low level N-nltrosodimethylamine residues In soil. It is

recommended that additional investigations be initiated to further evaluate the

potential risks associated with residues at this site. This site will not be

evaluated further as part of this RI/FS.
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SECTION 27 - SITE 20, D AREA SOUTH DRAINAGE CHANNEL

27.1 Site Description

Area D is an active Olin operation located north of Crab Orchard Lake.

This area Is currently used for the manufacture of explosives. The site was

previously used by Universal Match under contract to the DOD. Their

operations ceased after a large explosion, according to the Refuge Manager.

An abandoned building is located within the fenced southeastern end of

the Olin D Complex, it was reported that chemicals were dumped here. Site

20 consists of a drainage swale originating at the building that runs east

outside of the fence. (See Figure 27-1). A four-inch pipe (dripping at the

time of the site inspection) extends from the Olin Area under the fence and

discharges to this ditch. A slight sheen was noticeable on the surface water

in pooled areas of the ditch.

27 .2 Site Investigations

27.2.1 Phase I Site investigations:

One sediment composite of four grab samples (0-1 ft depth) was

collected. The sediment was resampled for full organics analysis. One

water sample was scheduled but could not be collected because the ditch

was dry.

27.2.2 Phase II Site Investigations:

Cyanide and mercury analyses were scheduled for one water sample

from the ditch; however, the ditch was dry at the time of sampling and

the sample could not be collected.
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27.3 Analytical Results (See Appendix I, Page 11)

Cyanide (13 mg/kg) and mercury (8.9 ug/kg) were detected in the

sediment composite, however, these data are questionable due to QA/QC

deficiencies. The sediment was analyzed for full CLP organics after an FID

screen of 16,477 ug/kg; it contained 30.500 ug/kg wet weight di-n-octyl

phthalate, 2320 ug/kg wet weight bis (2-ethylhexyl) phthatate. and 336 ug/kg

wet weight N-nitrosodimethylamine. All other organics were below the

detection level or were reported but were also present in the laboratory

QA/QC blank. The volatile and semi-volatile organics data for Phase I are

questionable due to QA/QC deficiencies or unreliable support data (see Exhibit

B). The positive detections reported are thus estimated values and some com-

pounds which were not detected may in fact be present.

27. A Environm e nt a I _E ffects

Envi •/ drainage within the D and P areas are discussed

in Section 16. '..

27.5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for the D and P areas are discussed in

Section 16.5.

27.6 Conclusions and Recommendations

Conclusions and Recommendations for the D and P areas are discussed in

Section 16.6.
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SECTION 28 - SITE 21, SOUTHEAST CORNER FIELD

28>1 Site Description

Site 21 is a fenced field (150 ft. x 400 ft.) located at the southeast

corner of the Refuge. (See Figure 28-1). The field is thought to be the site

of an old dump due to the presence of concrete rubble near one end. No

other evidence of debris is observable. The topography gradually slopes to

the south and east toward a swampy ditch at the bottom of the slope. Large

diameter trees in the field indicate the area has not been disturbed for at least

sixty to seventy years.

28.2 Site Investigations

28.2..1 Phase I Site Investigations:

A magnetometer and electromagnetic terrain conductivity survey was

conducted along four north-south transects. (See Figures 28-2 and

28-3). Four composite soil samples (0-1 ft depth) were collected, one

along each transect. One composite along transect 1 was resampled for

full organics analysis.

28.2.2 Phase II Site Investigations:

The transect 1 soil composite was resampled and analyzed for

mercury.
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28.3 Analytical Results (See Appendix I, Page 22)

28.3.1 Phase I Analytical Results;

The magnetometer and electromagnetic survey as shown in Figures

28-2 and 28-3 did not indicate any unusual subsurface conditions.

Two of the soil samples contained high magnesium levels (10.500 and

27,200 mg/kg, wet weight), which were approximately one order of

magnitude higher than the levels detected at the control sites (metals are

estimated values only). The FID scan on the composite soil sample from

transect 1 was 20,630 ug/kg (25,274 ug/kg duplicate); however, only

trace base/neutral extractable compounds were detected. The

semi-volatile organics data for Phase I are questionable due to QA/QC

deficiencies or unreliable support data (see Exhibit B). The positive

detections reported are thus estimated values and some compounds which

were not detected may in fact be present. N-nitrosodiphenylamine (156

ug/kg wet weight) was the only compound detected above the detection

limit, although traces of other semi-volatiles were also reported. The

sample representing transect 1 also contained 9 ug/kg of mercury; all

other soil samples contained mercury below the 1 ug/kg detection limit.

The mercury analysis was repeated in Phase II due to poor calibration

data.

28 .3 .2 Phase II Analytical Results:

The soil composite contained U1 ug/kg of mercury.
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28.4 Environmental Effects

28.4.1 Qualitative Assessment

This site was chosen for investigation based on the thought that it

had been an old landfill at one time. The site also slopes towards a

swampy drainage ditch, which would be a viable transport mechanism,

should the site be contaminated.

Phase I sampling analysis detected traces of magnesium, but the

concentration was below the detection limit. N-nitrosodiphenylamine was

detected but at concentrations over ten times below those detected at

other sites where this compound was not considered to represent a

significant risk of exposure (see Section 19.U). One sample also contained

traces of mercury and a Phase II soil sample was taken to more accurately

quantify this result. The Phase II analysis showed a slightly higher

concentration than the Phase I result, but is not considered to be

detrimental to the environment.

Because there is no established waste source at this location, it is

not possible to have a "complete" exposure scenario. Therefore, on the

basis of the information generated, it can be concluded that the site does

not. represent a risk of chemical exposure to potential human or wildlife

receptors.

28.U.2 Quantitative Assessment

Because a complete exposure scenario could not be identified in the

qualitative assessment, there is no basis for preparing a quantitative risk

evaluation.
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28.4.3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

site inspection, geophysical surveys, and sample analyses. An inspection

of the site led to the belief that the site had been an old dump.

However, the geophysical surveys did not reveal any unusual subsurface

conditions. Large diameter trees in the field indicated that the area had

not been disturbed for at least sixty to seventy years.

Chemical residue information consisted of analytical results on

surface soil samples. This information was obtained only for the top one

foot of soil; deeper soil borings were not conducted. Based on the

magnetometer and electromagnetic terrain conductivity surveys, there is

no evidence to suggest that waste had been buried on this site.

Therefore, these samples should adequately represent the conditions of

the site.

It can be concluded that the data generated are adequate for

evaluation of the remedial alternatives for this site. The sampling analyses

indicate that the site does not contain contaminants at levels that would

be detrimental to human health or to the environment.

26 .5 Preliminary Remedial Alternatives

The analytical results discussed in the previous section indicate that this

site does not contain contaminant levels that would result in a negative

environmental impact. Therefore there will be no further evaluation of

remedial alternatives, and this site will not be included in the FS,.
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28.6 Conclusions and Recommendations

It can be concluded that the Southeast Corner Field site does not

represent a chemical exposure risk to human or wildlife receptors at the

Refuge or at other locations. No further evaluation is recommended for this

site.
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SECTION 29 - SITE 22, OLD REFUGE SHOP

29.1 Site Description

North of the Refuge along Wolf Creek Road is the old Refuge

Headquarters, now leased by Dlagraph-Bradley. Site 22, the Refuge Shop,

was located behind the Headquarters building. Pine wood poles were treated

in a fenced area of the Shop with pentachlorophenol wood preservative and

shipped to various locations throughout the county, according to the Refuge

Manager. A small drainage pool is located outside the fence to the north and

contains a green-yellow scum. (See Figure 29-1). The pool drains through

the woods to the northwest and ultimately into Crab Orchard Lake.

29.2 Site Investigations:

29.2.1 Phase I Site Investigations:

One grab surface water sampled from the drainage pool. One

composite sediment sample (0-1 ft. depth) was collected from the drainage

ditch. The sediment was resampled for full priority pollutant analyses.

29.2.2 Phase II Site Investigations:

A monitoring well was installed and sampled during Phase II. The

monitoring well was set to a total depth of 10 feet in silty clay and was

screened from 5 to 10 feet. The ground water was sampled and analy2ed

for CLP HSL volatiles, base/neutral/ acid extractables, and metals.
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Four sediment samples were collected from the ditch. One additional

soil sample was collected from the embankment to trace the downstream

distribution of contaminants (see Figure 29-2). The soil 7-and sediment

samples were analyzed for CLP base/neutral/acid extractables, as well as

cadmium, chromium, and cyanide. EP-toxicity analyses were completed

on three of the sediment samples.

29,.2.3 Site Hydrogeologic Characterization

29,.2.3.1 Site Geology

Based on results of the test well boring 22-8, the subsurface

unconsolidated overburden consists of a brown, gray, and orange

mottled silty clay, with some sand. This material is present from the

ground surface to 9 ft. in depth. Beneath the silty clay, at least 1 ft of

a brown silt with a trace of fine gravel is present to 10 ft in depth

(total depth of boring). Bedrock was not encountered in the boring;

therefore, the depth to bedrock and bedrock lithology is unknown. As

only the one monitoring well was installed, the lateral extent and

variability of the overburden units is also unknown.

2 9 . 2 . 3 . 2 Site Hydrogeology

Shallow ground water occurring beneath the site was found at a

depth of 1 to 1.3 ft. below the ground surface within the silty clay soil

unit during June 1987. The monitoring well installed screened this

upper water table. Ground water elevations collected during the winter

and summer of 1987 (wet and dry seasons, respectively) Indicate a water

table fluctuation of 0.3 ft with water levels dropping during the summer



months (Table 4-3). Figure 35-5 Illustrates the monitoring well location

and the ground water elevation of 18 June, 1987.

29.3t Analytical Results (See Appendix I, Page 22)

29.3.1 Phase 1 Analytical Data:

The pool water sample did not contain contaminant concentrations

above the Illinois Public Water Supply Standards or Federal drinking

water standards. The total organic halides concentration in water was

14 ug/L (16 ug/L duplicate). The sediment contained cyanide (392

mg/kg), cadmium (701 mg/kg), chromium (663 mg/kg), and lead (150

mg/kg) above the concentrations detected at the control sites. The

metals concentrations are reported as estimated values and cyanide

analyses were repeated due to QA/QC deficiencies (see Exhibit B). All

organics were below detection limits, although the FID scan was 10,114

ug/kg. Methylene chloride and acetone were quantified, but these were

also detected in the laboratory blank. The total organic carbon

concentration in the sediment was 19,413 mg/kg, and organic nitrogen was

1,899 mg/kg.

29 .3 .2 Phase II Analytical Data:

The ground water sample contained low levels of cadmium (25

ug/L), chromium (21 ug/L)r and lead (6.6 ug/L). The corresponding

dissolved metals concentrations were 17, 5.1, and 3.9 ug/L. Cyanide

was detected at 0.07 mg/L. No organics were detected in the HSL/CLP

analysis, although the spike/spike duplicate recoveries were outside of

control limits and the semi-volatiles were extracted outside of the holding

time. All parameters Were within the Illinois Public Water Supply
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Standards, except for cadmium and cyanide. The cadmium concentration

also exceeded the Federal drinking water MCL and MCLG.

Sediment samples 22-5 and 22-6 downstream contained the highest

cyanide concentrations, T30 mg/kg and 181 mg/kg wet weight. The

sediments also contained cadmium (less than 0.68 - 780 mg/kg),,

chromium (10-889 mg/kg) and lead (93 - 166 mg/kg). Chromium duplicate

analyses were not within the control limits. In general, the sediments

which contained high cyanide levels also contained high metals

concentrations. Three sediment samples, extending approximately 3000 ft.

downstream of the pool, contained EP Toxic cadmium concentrations (9.1,

7.1, and 3.8 mg/L) in excess of the RCRA criterion of 1.0 mg/L, thus

defining these sediments as hazardous wastes. Figure 29-2 shows the

cyanide and total and extractable cadmium concentrations in the

sediments. Trace base/neutral/acid extractable compounds were found
.*!'

in soil 22-3 (and duplicate 40-76), including 2-methylnapthlalene (330

and 280 ug/kg), bis(2-ethylhexyl) phthalate (200 and 320 ug/kg), and

di-n-butyl phthalate (1,260 and 499 ug/kg), although the recoveries for

spike and spike duplicate samples were outside of limits for the

semi-volatiles scan. Other detected organics were also present in the

QA/QC blanks.

29.4 Environmental Effects

29.4.1 Qualitative Assessment

29.4.1.1 Source Evaluation

The results of the site investigations, as described in the preceding

sections, determined that the vicinity of the Old Refuge Shop

(previously used to treat wood poles with preservative) wa«. contaminated
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with residues of cadmium, cyanide, and other compounds. Phase I

analyses of water and sediments In a small drainage ditch adjacent to the

shop showed the presence of 701 mg/kg cadmium, 603 mg/kg chromium,

and 392 mg/kg total cyanide In ditch sediments while the water

contaminant levels were less than the Illinois Water Supply Standards. A

shallow well installed on the site showed only very low levels of

contaminants, but cadmium and cyanide levels exceeded the State and

Federal standards. Phase II soil and sediment EP Toxicity analyses at

the site and 3000 feet downstream confirmed the site contamination and

offslte transport of cadmium. Based on this analytical survey, cadmium

and cyanide were chosen to serve as site indicator contaminants for the

purpose of this risk assessment.

The physicochemical and toxicological properties of cadmium and

cyanide are summarized in Exhibit A. Cadmium is a highly toxic element

capable of producing a broad range of systemic effects, particularly to

the respiratory, renal, and reproductive systems. It is also a teratogen

in animal studies, and there is evidence for carcinogenicity in humans

via inhalation as well. Cadmium can accumulate extensively in exposed

individuals and in populations through food chain magnification of

residues. The major concern from cyanide exposure is acute toxicity of

hydrocyanic gas (HCN) and simple salts such as sodium cyanide. HCN

would exist as a gas under normal environmental conditions, while the

chemistry of the salts is quite complex and compound-specific, with a

variety of soluble and insoluble complexes that can be formed. Cyanide

does not bioaccumulate.
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2 9 . A . T . 2 Transport Route Evaluation

a) Air; Cadmium has no propensity to volatilize to air from the

adsorbed state. Therefore, transport of cadmium compounds in vapor

form is not a significant route of transport. However, because of

the existence of exposed soil-adsorbed contaminants, dusts

generated by wind erosion, vehicular traffic, or the activities of

endemic wildlife constitute a functional route for conveying cadmium

residues to on- and off-site locations for subsequent exposures by

receptors in those areas. Due to the high vapor pressure of HCN

and the relatively low volatility of ionic cyanide, exposures via both

the vapor and dust-bound forms of cyanide are possible.

b) Direct Contact: Due to the presence of site indicator contaminants

in soils and sediments in the area, exposures by the direct contact

route are possible.

c) Surface Water; Phase II analyses detected cadmium residues in

excess of 1 mg/kg in sediments 3000 feet downstream of the site

drainage pool. Therefore, the surface water transport route is

considered functional via precipitation-initiated runoff events which

convey soil- and sediment-bound site contaminants towards Crab

Orchard Lake.

d) Ground Water: Only minimal quantities of site contaminants were

detected in site ground water, and cadmium mobility in silty clay

soils is generally low. Furthermore, no exposed receptors (ground

water users) were identified for this route. Therefore, the ground

water transport route was determined to be non-functional at the

site and will not be considered further in this risk assessment.
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29.ft. 1.3 Receptor Evaluation

Human

The Old Refuge Shop Is situated in a non-populated area.

Therefore, the only potential human receptors would include facility

employees, site trespassers, and occasional recreational users of the

Refuge. The number of human receptors is low and exposure will be of a

transient, non-chronic nature.

Specific scenarios for human exposure to site indicator contaminants

will be developed in the following sections. The transport route

evaluation identified three functional transport mechanisms: the air

route, the direct contact route, and the surface water transport route.

Exposures will generally occur only in the vicinity of the Shop and

drainage ditch, with the exception of downgradient drainage conveying

surface water towards the lake, and potentially from consumption of fish

taken from the lake.

The following are the most likely human exposure scenarios for the

functional transport routes.

a) Direct Contact: The most probable human exposure scenario would be

exposure to site indicators via direct contact with surface residues

and sediments at the site and drainage ditch and to sediments in

the downstream drainage areas. Humans employed at the facility

constitute one group of potential receptors. Occasional recreational

users of the Refuge might also be exposed to contaminants via

direct contact. The most likely mode of entry of contaminants into

the body would be incidental ingestion of soil-bound residues

adhering to the skin, clothing, or shoes acquired by direct contact

with exposed wastes.
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b) Air Route: Dusts generated by wind erosion or foot traffic over

exposed waste areas constitute the most likely mechanism for

exposure via the air route since cadmium and some forms of cyanide

are soil-bound and non-volatile. HCN is highly volatile and thus

poses a potential additional exposure mechanism if present at the

site. As with the direct contact pathway, the receptors include

facility employees and other trespassers who may breathe

contaminated dusts while traversing the site.

c) Surface Water Route: As presented In the preceding section,

transport of cadmium residues towards Crab Orchard Lake presents

a potentially complete human exposure pathway via ingestion of

residues accumulated in fish.

d) Ground Water Route: No human users of site ground water were

identified. Therefore, this exposure pathway is incomplete.

Wildlife

The forested nature of the site and adjoining areas indicates that a

wide variety of terrestrial organisms may be exposed to site-related

contaminants, and the proximity to Crab Orchard Lake creates the

opportunity for exposures to aquatic populations.

a) Direct Contact: Wildlife inhabiting the site such as invertebrates and

small burrowing rodents will receive both acute and chronic direct

contact exposures to site contaminants bound to soil dusts during

burrowing activities. Exposed waste areas present a functional

direct contact route exposure path for birds while feeding,

ingesting grit, and dusting. Subsequent ingestion of soil-bound

residues while preening or grooming is the principal means of entry

into the body.

29-8



b) Air Route: Inhalation exposures of wildlife to dust-bound cadmium

and cyanide will follow the direct contact scenario described above.

In addition. Inhalation of HCN vapor is possible.

c) Surface Water; Wildlife using the Shop drainage pool for drinking

water will Inadvertently Ingest sediments containing residues of

cadmium, chromium, and cyanide. In addition, transport of cadmium

to Crab Orchard Lake via runoff of sediments is a potentially

functional chronic exposure pathway for aquatic organisms in Crab

Orchard Lake. Exposures will be relatively greatest for benthic

invertebrates and bottom-feeding fishes such as catfish. It is

noted, however, that cyanide and cadmium were not detected in the

sediments of Crab Orchard Lake near the mouth of the stream

leading from the Old Refuge Shop. These compounds were,

likewise, not detected elsewhere in the sediments of Crab Orchard
urtl"''

Lake.

d) Ingestion: Implied in all three wildlife exposure pathways discussed

above is the ingestion of site contaminants via soils, dusts,

sediments, vegetation, water, and consumed prey. In addition,

herbivores may consume contaminated dusts on seeds and

vegetation. Fish, birds (i.e. ducks, herons) and other aquatic

organisms may inadvertently ingest contaminant-bearing sediments

while feeding. The ability of cadmium to accumulate in aquatic and

terrestrial food chains is well documented, adding to the importance

of the ingestion route of exposure.

e) Ground Water: No surface ground water discharges have been

,,, shown which would provide a complete pathway for wildlife

exposures.
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29.*.2 Quantitative Assessment

""""/ 29.».2.1 Estimates of Release and Exposure Rates

Estimates of Exposures fay Direct Contact •• :-. . • . . .

The qualitative assessment for the Old Refuge Shop has determined

that direct contact represents a functional exposure pathway for humans

and wildlife. However, cadmium and some forms of cyanide are tightly

bound to soils and sediments. Therefore, dermal absorption of

contaminants is not expected. The pathway consists, instead, of

ingestion of bound residues picked up through direct contact with soils

and sediments. The contribution of this route of exposure will therefore

be addressed in the section below on ingestion exposures.

Estimates of Airborne Exposures

The qualitative portion of this assessment has established that the

air pathway represents a complete exposure route. The pathway consists
i-titii"'1

of breathing contaminated dusts at the site by occasional human activities

(visits by employees, recreational users etc.), and by burrowing and

dusting activities of wildlife.

The general approach and assumptions used to estimate airborne

human and wildlife exposures are given in Section 2 4 . A . 2 . 1 of this report.

Using this worst case approach for a four hour excursion by a facility

employee or hiker in a sector of the site containing exposed wastes, and

assuming a mean surface cadmium soil/sediment level of 500 mg/kg, a

total exposure to cadmium of 0.026 mg or 0.37 ug/kg for a 70 kg adult

is obtained via the inhalation route per site visit. Assuming three such

visits to the site per year, a chronic inhalation rate of 0.003 ug/kg/day

is derived. It should be realized that such a scenario does not
*•**••'

technically define a chronic exposure. Using the same approach for
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exposure to dust-bound cyanide at 100 mg/kg, an exposure of 0.074

"••.„••'' ug/kg body weight per site visit Is obtained. For repeated exposures,

e.g. 3 times yearly, this Intake would be expressed as 0.0006 ug/kg/day.

The contribution of inhaled residues to total chronic intake is discussed

in the following Section 29.4.2.2, Quantitative Assessment.

True chronic inhalation exposures are likely, however,, for small

burrowing mammals at the site. Assuming an average of 1 hr daily

burrowing and breathing using a breathing rate value of 0.006 m3/hour

for an active 30 g mouse (approximately U.S. EPA, 1985), four times the

resting rate cited in small rodents might receive exposures up to 1.0

mg/kg/day as a result of burrowing In soils containing 500 mg/kg

cadmium. Vaporized residues would not be significant due to the very

low volability of the cadmium compounds. For 100 mg/kg cyanide, a daily

* exposure of 0.2 ug/kg/day is estimated. Due to lack of monitoring data,
'.„„-'

exposure to HCN gas cannot be estimated. Given the acute lethality of

this substance, its presence in substantial amounts would be obvious.

The significance of this exposure is discussed below in 29.4.2.2.

Additional wildlife species are considered in the following section on

Quantitative Assessment.

Estimates of Ground Water Exposures

It has previously been determined that the groundwater exposure

pathway is incomplete at the site and therefore will not be considered

quantitatively.
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Estimates of Surface Water Exposures

In view of a functional transport mechanism for conveying site

contaminants towards Crab Orchard Lake via runoff events, the surface

water pathway is complete. Exposures due to direct contact with

sediments Is discussed below under Ingestion exposures. Another

mechanism of exposure may consist of ingestion of contaminants

accumulated in biota from residues present in sediments transported to

Crab Orchard Lake. Therefore, exposures by this route will be

discussed in the following section on ingestion exposure.

Estimates of Ingestion Exposures

Ingestion exposure of site contaminants at the Refuge Shop and

contiguous sites has two components: ingestion of soil-bound residues

acquired by direct contact with waste materials, and bioconcentration and

foodchain accumulation of cadmium in terrestrial communities and possibly

in Crab Orchard Lake. The approaches and assumptions used to estimate

exposures by direct contact and ingestion of contaminated soils have

been discussed in section 21.4.2, the quantitative assessment for the Job

Corps site. Using the worst case assumption that an individual ingests

100 mg of soil as a result of an excursion into an exposed waste area of
•

the site and that the mean surface level of cadmium and cyanide are 500

and 100 mg/kg, respectively, an ingestion of 0.71 ug/kg for cadmium and

0.11 Ug/kg for cyanide are estimated per site visit for a 70 kg human.

The corresponding chronic exposure levels of 0.0058 and 0.0011

ug/kg/day could be derived if it is assumed that site visits by humans

recur at least 3 times per year.
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The following wildlife cadmium and cyanide intake rates from

ingestion of contaminated soil at the site during feeding or grooming are

estimated using similar assumptions as those detailed in Section 24.4.2

The estimated exposure from 500 rng/kg cadmium in soil are: rabbit, 7.1

mg/kg/day; mouse, 4.75 mg/kg/day; and deer, 2.69 mg/kg/day. For

cyanide at 100 mg/kg soil, the corresponding estimates are: rabbit, 1.4

mg/kg/day; mouse, 0.95 mg/kg/day; and deer, 0.54 mg/kg/day.

Beyer et al (1982) determined that earthworms of the family

Lumbricidae were capable of bioaccumulating cadmium directly from soil.

For example, earthworms living in soil containing 2 mg/kg of cadmium

contained levels of cadmium as high as 100 mg/kg body weight. The

authors considered these cadmium levels to be hazardous to wildlife which

might feed on the worms, although no experimental evidence for this

quantitative conclusion was provided. Given the scarcity of data on the

effects of ingested cadmium to carnivorous wildlife which might receive

such exposures (i.e. shrews, moles, skunks, certain birds, for example),

a comparison of possible exposure rates to established effect levels is

made in Section 29.4.2 .2 , Quantitative Risk Assessment for wildlife.

29 .4 .2 .2 Quantitative Risk Assessment

Human Risks

Human exposure at the Refuge Shop site will be limited, with little

opportunity for true chronic exposures. Nevertheless, the assessment

below carries the scenario through to potential chronic exposures to

determine the level of risk to humans. Human exposure estimates for

airborne dust-bound cadmium residues (0.003 ug/kg/day) and direct

contact ingestion of soil-bound residues of cadmium (0.0058 ug/kg/day)
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provide a total estimate of 0.009 ug/kg/day for this scenario, A unit risk

factor of 7.8 (mg/kg/day) has been established by U.S. EPA (Exhibit

A) for assessing human carcinogeniclty based on evidence that inhaled

cadmium has produced respiratory cancer in the workplace. Using this

value and the estimated inhalation exposure rate of 0.003 ug/kg/day, an

incremental risk of 2.3 x 10~ is estimated. This upper limit estimate is

very close to the 10 to 10~ population risk considered by regulatory

agencies to constitute a negligible risk to the national population. In

view of the low probability that even one receptor would meet all the

upper bound assumptions used, the human risk at this site attributable to

cadmium exposure is deemed negligible.

Assuming a mean soil/sediment cyanide level of 100 mg/kg and an

exposure scenario as just described, a total human ingestion and

inhalation exposure rate of 0.214 ug/kg/visit is obtained. An*acceptable

daily (chronic) intake of 108 ug/kg/day has been established for human

cyanide intake (USEPA, 1980); therefore, the worst case acute exposure

for one visit to this site is over 500 fold lower than the level which might

begin to present concerns for toxicity.

An additional avenue for human exposures is consumption of fish

taken from Crab Orchard Lake. Cadmium-contaminated sediments provide a

theoretical source for bioaccumulation of residues. This exposure is not

quantifiable due to lack of data on fish residues and proof that residues

have indeed been transported to the lake.
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Wildlife Risks

• ...,.„-"' Estimates of total cadmium and cyanide Intakes estimated In the

previous sections for receptor species of wildlife are summarized below:

Estimated Dally (Chronic) Intake - CadnfuB

Body Inhalation Rate Ingestlon Total

mg/kg/day

Deer 60 0.43 2.69 2'.69
Rabbit 1.0 0.415 7.1 7.1
House 0.03 1.0 4.75 4.75

•ejjtjt
(kg)

60
1.0
0.03

Estimated

Body
Weight
flr^^

€0
1.0
0.03

ug/kg/day

0.43
0.415
1.0

Dally (Chronic) Intake

Inha7atfon Rate

ug/kq/day

0.087
0.083
0.2

ug/kg/day

2.69
7.1
4.75

• Cyanide

tngestfon

ug/kg/day

0.54
1.4
0.95

Total

»g/kg/day

Deer €0 0.087 0.54 0.54
Rabbit 1.0 0.083 1.4 1.4
Mouse 0.03 0.2 0.95 0.95

NOTES: See Table 24-1 and Section 24.4.2.2 for assumptions.
Inhalation rates based on estimated breathing rates for each species, 10 mg dust
Inhaled per ra3 of air, 0.5 ug mean Cd or 0.1 og mean CN per mg dust, and 1 hr
(burrowing animals) or 4 hrs (deer) exposure duration each contact.

These estimates indicate that wildlife exposures to site-related

residues may be relatively greatest among small mammals on the landfill

such as rabbits, mice, chipmunks, and the like. The latter species

animals will be exposed primarily via ingestion of contaminated soil and

dust while burrowing, grooming, and feeding on dust-bearing seeds and

invertebrates. Rabbits and other herbivores at the site receive the major
*;

part of their exposure from contaminated vegetation. Given the broad

range of demonstrated possible toxic effects, the potential for

interspecific sensitivity, and limited data on effects of cadmium and

cyanide on wildlife species, it is difficult to gauge the significance of

these exposures. Using data from controlled tests with laboratory
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animals, levels of cadmium and cyanide at this site may be sufficiently

high to present concerns for reproductive effects and other systemic

toxlcity In vertebrate species. ,-

U.S. EPA (1986) reports a chronic acceptable Intake level for

-4
Ingested cadmium to be 2.9 x 10 mg/kg/day, based on the lowest level

which has produced kidney toxlcity in humans and incorporating a

ten-fold margin of safety. A small (30 g) animal consuming 5 percent of

its body weight daily in the form of earthworms or comparable

invertebrates might thus eat 1.5 g of food per day. If the worms

contained cadmium at 100 mg/kg from living In soils with 2 mg/kg, a daily

cadmium ingestion rate of 5.0 mg/kg/day can be calculated. This'exposure

rate is well in excess of a possible effect level. Since some sediments in

the Old Refuge Shop study area contain cadmium of up to 780 mg/kg,

exposure to exposed sediments combined with food chain cadmium

accumulation could impact localized wildlife populations. Areas of high

sediment cadmium are comparatively small, which would serve to lessen

the probability for lifetime chronic exposures and overall impact of

population exposures, however.

29 .3 .3 Analysis of Uncertainties

A principal area of uncertainty exists in addressing the risks posed

to wildlife by chronic exposure to contaminants at the site. A lack of

documentation on the effects of site contaminants on wildlife species

which might be found on the site necessitated the use of studies involving

laboratory rodents and rabbits as surrogates. The relative sensitivity of

these species is unknown.
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Regarding the estimate of Increased cancer risk In humans from

' Inhaled cadmium. It should be noted that the chronic lifetime exposures

assumed are highly unlikely and any exposed population, chronic or

otherwise. Is very small. In this light, the worst case Increase in human

risk Is considered negligible.

29. !> Preliminary Remedial Alternatives

The environmental effects discussion in Section 29.1 support the need for

remedial action for the Old Refuge Shop. The contaminants Identified as

probable concerns were cadmium, chromium, and cyanide. Lead was detected in

soil but at levels within the range for Refuge background. The contaminants

were present mainly in the ditch sediment samples, although cadmium and

cyanide were detected in the ground water samples and were found at

concentrations above the Illinois Public Water Supply standards and Federal
•Ml"'

drinking water standards. Contamination in sediments was detected in the

surface samples (approximately to 1 ft. depth), but no core samples were

collected to quantify the levels in deeper sediments.

The risk-based evaluation in Section 29.A suggests that the risk levels to

wildlife species from cadmium and cyanide residues could be greater than the

risks to humans, although there are limited data on the toxicological effects to

the variety of wildlife species that could be exposed at the Refuge. The worst

case assumptions used for the assessment of human risks determined that

cadmium levels in soils were at least double the levels which would constitute

acceptable risk. Cyanide levels were a concern for protection of wildlife but

would not pose a risk to humans. Reducing exposure to cadmium to one half

the present mean concentration, or to 250 mg/kg, would, based on the
w^

assumptions used in the risk evaluation and available data, reduce risk to
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humans to a negligible level of 10~ . Much lower exposure levels may be

needed in order to protect wildlife, since cadmium is highly toxic to

carnivorous wildlife through ingestion of contaminated dusts and invertebrate

species, as well as potentially to fish if contaminants are dispersed off-site to

Crab Orchard Lake. Cyanide residues are associated with sediments which

contain cadmium, therefore, both contaminants will be addressed by the

measures adopted to remediate cadmium. Remedial measures to address the

complete transport pathways identified in the risk assessment will be given

priority in the evaluation of alternatives for remedial response. Surface

sediment dredging, capping, regrading, surface water diversion, and

revegetating are among the technologies which will be applicable as part of this

response.

The remedial objectives developed as part of the FS will be concerned

with reducing risks to both humans and wildlife to acceptable levels and which

will provide adequate margins of safety for protection of endangered wildlife.

Potentially applicable remedial measures for this site are discussed below.

Limited Site Access

It. may be appropriate to take precautions to limit the potential for

exposure to humans and wildlife via the water or direct contact with

soils/sediments. Limiting site access could help prevent trespassing or

unauthorized use of the site until the contaminated materials have been

removed or contained. Fencing and closing the area to all but authorized

personnel, and maintaining a thick vegetative cover may be appropriate until

further remedial action can be initiated.
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Surface Water Control

Drainage ditches or trenches might be required to divert surface water

flow from areas containing elevated levels of site contaminants. In order to

limit the off-site transport of contaminants.

Removal or Containment of Sediment

Contaminated surface sediments might be excavated and removed for

treatment off-site or contained on-site. The contamination along the ditch

extends approximately 5000 ft. towards the Lake, possibly 4 ft. wide x 2 ft.

deep along the drainage route. The equivalent volume of contaminated sediment

for excavation is estimated at 1600 CY. Clean fill will be used for

receding/fill for areas which may require excavation during remediation.

Clean fill will be used for regrading/refilling excavated areas. Alternatively,

the ditch could be drained and the sediments capped or sealed to prevent

leaching of residual contaminants.

Monitoring - Surface and Croundwater

As part of the follow up remedial program, the response alternatives may

include periodic sampling and analyses of the monitoring well and of the ditch

water for cadmium, chromium and cyanide. Follow-up studies to verify the

absence of contaminants might begin shortly after the cleanup.
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29.6 Conclusions and Recommendations

It can be concluded that the Old Refuge Shop site is Impacted with the

primary pollutants being cadmium, cyanide, and chromium In the site's ditch

water and sediment. It is recommended that remedial measures for this site

should be evaluated in the FS. Potentially applicable remedial measures

include limited site access to humans and wildlife and possible excavation of

surface sediments.
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SECTION 30 - SITE 21. PEPSI-WEST DRAINAGE

30.1 Site Description

Site 24 is a drainage ditch located north and west of the Pepsi-Cola

Bottling Company building. The ditch runs parallel to the adjacent street.

(See Figure 30-1). The ditch receives surface run-off from the site and

discharges to Crab Orchard Lake. This site is not located on the Refuge and

is not under the jurisdiction of U.S. FWS.

30.2 Site Investigations
\

30.2.1 Phase I Site Investigations:

One grab sample of surface water and one grab sample of sediment

(0-1 ft depth) were collected from the drainage ditch.

30 .2 .2 Phase II Site Investigations:

One sediment sample was collected for mercury reanalysis.

30.3 Analytical Results (See Appendix I, Page 23)

30.3.1 Phase I Analytical Results;

Total organic halide concentrations of 160 ug/L (190 ug/L -luplicate)

were detected in the water sample. The sediment contained acetone (268

ug/kg wet weight), and methylene chloride (117 ug/kg wet weight);

however, these compounds were also detected in the laboratory blank.

No other organics were detected in the sediment, although the volatile

and semi-volatile organics data for Phase I are questionable due to QA/QC

deficiencies or unreliable support data (see Exhibit B). The positive

detections reported are thus estimated values and some compounds which
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were not detected may in fact be present. A mercury concentration of

9.4 ug/kg was detected, but this parameter was reanalyzed in Phase II

due to questionable QA/QC support data.

30.3.2 Phase II Analytical Results:

The sediment sample contained 58 ug/kg of mercury. This

concentration is greater than the background range measured at the

control sites.

30.1 Environmental Effects

3_0jl.1 Qualitative Assessment

Sediments within the drainage ditch from Pepsi-West have been found

to contain mercury at a level of 58 ug/kg. No other constituents detected

in either water or sediments from this site were significantly above the

levels found at the control sites. Available data do not indicate that

surface water runoff from the ditch has transported mercury residues

downstream to Crab Orchard Lake. Although the mercury concentration

is somewhat higher than the level found at the control site soils, it is not

unusual for mercury levels in U.S. soils (Lindsay, 1979). The detection

of mercury at this site is not considered to be indicative of an off-site

source of contamination. Since there is no waste source, a complete

exposure scenario is not possible, thus it can be concluded that the site

does not represent a risk of chemical exposure to potential human or

wildlife receptors.
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30.3.2 Quantitative Assessment

Because a complete exposure scenario could not be identified, there

is not basis for preparing a quantitative risk evaluation.

30.*.3 Analysis of Uncertainties

The Information relied upon for evaluating this location consisted of

a site inspection and sample analyses. The chemical characterization data

consisted of one surface water and two surface sediment samples from the

ditch; deeper sediment cores or downstream water samples were not

collected. Some characterization data are not sufficiently supported by
!

QA/QC, and thus additional uncertainty is introduced dependent on the

quality of the data. However, since there is no evidence to suggest that

the site has been used presently or previously for disposal of wastes,

and any potentially contaminated runoff from upstream areas would be

transported via the surface water, the database should adequately

characterize the site.

3D.5 Preliminary Remedial Alternatives

The analytical results and the qualitative risk evaluation discussed in the

previous sections indicate that this site does not contain contaminant levels

that would result in a negative environmental impact. There will be no further

evaluation of remedial alternatives, and this site will not be considered in the

FS.
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30.6 Conclusions and Recommendations

It can be concluded that the Pepsi-West drainage ditch site does not

represent a risk of exposure to humans or to wildlife receptors. No further

evaluation Is recommended.
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SECTION 31 - SITE 25, CRAB ORCHARD CREEK AT MARION LANDFILL

31.1 Site Description

The old Marion Landfill is located adjacent to Crab Orchard Creek on Old

Cnwl Springs Road. This municipal landfill has been inactive for a number of

years. A 3/4-acre pond is located next to the landfill. Site 25 consists of the

Crab Orchard Creek sections upstream and downstream of the landfill and of

the pond. (See Figure 31-1). This site is not located on the Refuge and is

not under the jurisdiction of the U.S. FWS.

31.2 Sjte Investigations

3J^2.1 Phase I Site Investigations:

One composite surface water sample and one composite sediment

sample (0-1 ft depth) were collected at each of two locations

approximately 250 ft. upstream and downstream of the landfill. An

additional downstream sediment was also collected for CLP organics

analysis. A composite surface water sample and a composite sediment

sample (0-1 ft depth) were also collected from the pond.

3K2.2 Phase II Site Investigations:

One of the creek sediment samples was resampled for cyanide

analysis.

31.3 Analytical Results (See Appendix I. Page 2H)

31.3.1 Phase I Analytical Results:

Magnesium in the water increased from iu.3 mg/L in the upstream

water sample to 17 mg/L in the downstream sample. Manganese in the
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upstream water (0.68 mg/L), in the downstream water (1.5 mg/L) and in

the pond (0.72 mg/L) exceeded the Federal MCL and State standard of

0.50 mg/L, but all other contaminant levels in waters were below the

Illinois Public Water Supply Standards. The upstream water and pond

water also exceeded the Federal MCL for iron but were at or below the

Illinois Public Water Supply standard. The Iron and manganese

concentrations in water are not considered to pose health risks to human

populations or wildlife under these conditions (see Exhibit A), since their

standards are based on concerns of taste and color.

In general, the concentrations of most constituents increased in the

downstream samples. Figure 31-1 shows concentrations for total organic

carbon I IOC), total organic halides (TOX) , cyanide and magnesium along

the creek. It is noted that cyanide values are questionable due to poor

QA/QC data and metals concentrations are reported as estimated values

only. The creek sediments at Site 25 contained similar levels of

magnesium (90U mg/kg upstream and 1,840 mg/kg downstream) as detected

at the control sites. The downstream sediment contained cyanide (90.U

mg/kg) compared to below 8 mg/kg upstream, and elevated TOC (18,239

mg/kg) compared to 3,778 mg/kg upstream. The pond sediment contained

magnesium (956 mg/kg), and below 7 mg/kg cyanide. No priority

pollutants were detected in the CLP analysis, although FID scans in the

sediments ranged from 3,735 ug/kg to 220,368 ug/kg.
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31.3.2 Phase II Analytical Results;

The cyanide concentration in the creek sediment upstream of Site 25

was 10.7 mg/kg.

31..< Environmental Effects

Environmental Effects for sites along Crab Orchard Creek are discussed

in Section 33.4.

31.5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for sites along Crab Orchard Creek are

discussed in Section 33.5.

31.6 Conclusions and Recommendations

Conclusions and Recommendations for sites along Crab Orchard Creek are

discussed in Section 33.6.
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SECTION 32 - SITE 26, CRAB ORCHARD CREEK BELOW MARION STP

32.11 Site Description

The Marion Sewage Treatment Plant (STP) discharges to Crab Orchard

Creek upstream of Court Street in the Village of Marion. This site is not

within the boundaries of the Refuge and is not under the jurisdiction of the

U.S. FWS.

32.2 Site Investigations

32.2.1 Phase I Site Investigations:

One composite surface water sample and one composite sediment

sample (0-1 ft depth) were collected at each of two locations, both

downstream of the treatment plant, to assess the impact on various

segments of the creek. The first sampling location was at the

intersection of the creek and So. Carbon Street (samples 26-1, 26-2).

The second sampling location was at the intersection of the Creek and

Court Street (samples 26-3, 26-4). The sampling locations were spaced

approximately 2,000 ft. apart (see Figure 31-1).

32.2 .2 Phase II Site Investigations:

No samples were collected in Phase II.

32.3 Analytical Results (See Appendix I, Page 25)

The FID scan, lead, magnesium, and zinc concentrations were

approximately one order of magnitude higher in the downstream sediment

samples than in the upstream samples, but all concentrations were similar to

.; detected it the control s i tes . The metals concentrations are — - ' • • - ' - - ' -<•
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estimated values for. screening purposes only (see Exhibit B). Chloroform was

detected In both the upstream and downstream water samples at 2 ug/L,

exceeding the AWQC for human health of 0.19 ug/L, but is well below the same

criterion set for aquatic life protection of 1,240 ug/L. No other volatile
". ••»

orJjanlcs or PCBs/Pesticides were detected In either the water or sediments

although TOX and FID scans detected organics. Semivolatiles were not

analysed at this site.

TOX levels were somewhat elevated in the downstream water sample, 120

ug/L (130 ug/L duplicate) versus 49 ug/L upstream. Manganese concentrations

in the upstream and downstream waters (0.3 and 0.75 mg/L) both exceeded the

Federal MCL and Illinois Public Water Supply standards. Iron in the

downstream sample (1.0 mg/L) also exceeded the Federal MCL, but not the

Illinois standard. Iron levels are regulated due to objectionable taste and

color; at these levels, this does not pose a threat to public health. All other

surface water parameters were within Illinois Public Water Supply Standards.

Figure 31-1 shows the concentration for TOC. TOX, cyanide and magnesium in

waters and sediments from Crab Orchard Creek. All parameters in the

upstream location (26-1, 26-2) were below the levels found upstream of the

STP (Site 25) , with the exception of TOX.

32.4 Environmental Effects

Environmental Effects for sites along Crab Orchard Creek are discussed

In Section 33.4.
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32.5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for sites along Crab Orchard Creek are

discussed in Section 33.5.

32.6 Conclusions and Recommendations

Conclusions and recommendations for sites along Crab Orchard Creek are

discussed in Section 33.6.
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SECTION 33 - SITE 27. CRAB ORCHARD CREEK BELOW 1-57 DREDGE AREA

'" ' 33.1 Site Description

• Sltt 27 Is located in Crab Orchard Creek downstream of the Interstate
i

Route 57, approximately 4,000 ft. downstream from Site 26 (See Figure 31-1).

Dredging of the stream bed was conducted in this area a number of years ago.

This site is located on the Refuge.

33.2 Site Investigations

33.2.1 Phase I Site Investigations:

A composite surface water sample and a composite sediment sample

(0-1 ft depth) were collected from Crab Orchard Creek where the creek

intersects with Chammness Road.

I,,, \t 33.2.2 Phase 11 Site Investigations:

No samples were collected in Phase II.

33..3 Analytical Results (See Appendix I, page 26)

TOX levels in the surface water of 13 ug/L (38 ug/L duplicate) were

below those found at Site 26. Most other parameters were similarly below the

levels detected at Site 26 except for TOC and magnesium in the sediment.

Figure 31-1 shows the concentration for TOC, TOX, cyanide and magnesium

along Crab Orchard Creek. The cyanide results were questioned due to poor

QA/QC and the metals concentrations are estimated values (see Exhibit B).

The manganese concentration (0.64 mg/L) in the water exceeded the Federal

MCL and Illinois Public Water Supply Standard as it did in each of the five

*-."' samples collected further upstream. Iron (0.5 mg/L) also exceeded the Federal
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MCL but not the Illinois standard. The concentrations of all other

contaminants in the water were below the Illinois Public Water Supply

Standards and Federal MCLs. The excursions noted for iron and manganese

do not represent a health concern since these standards are implemented based
*'

on aesthetic considerations of taste and color.

Sediment concentrations were similar to the ranges detected for the

Refuge control sites.

33.3 Environmental Effects

33.1.1 Qualitative Assessment

33.1.1.1 Source Evaluation

This section is an analysis of exposure and risk In Crab Orchard

Creek at the Marion Landfill (Section 31), below the Marion Sewage

Treatment Plant (Section 32) , and below the I-57 Dredge Area (Section

33) .

33.1.1 Qualitative Assessment

33.U. 1.1 Source Evaluation

Crab Orchard Creek At Marion Landfill

Crab Orchard Creek may receive leachate and runoff from the Old Marion

Landfill, now inactive. Analyses of the site revealed magnesium residues

up to 47 mg/L in the creek water and up to 1,840 mg/kg in the sediment

of a nearby pond; iron concentrations in water up to 1,000 ug/L,

manganese levels in water up to 1,510 ug/L, and cyanide in creekbed

sediment of 10.7 to possibly 90.U mg/kg were also found. Exceedance of

the standards for manganese and iron do not represent a health concern

since these criteria were established based on aesthetic considerations.
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The reported maximum cyanide concentration of 90 mg/kg is

estimated due to deficiencies in QA/QC support data from the Phase I

analysis. Since no other water or sediment samples along Crab Orchard

Creek contained elevated levels of cyanide, this value seems to represent

a false positive, and cyanide will not be considered as a site contaminant.

Magnesium levels are within the ranges typically found in soils (Lindsay,

1979). Due to the lack of source of exposure, a complete scenario is not

possible and this site will not be considered further.

Crab Orchard Creek Below Marion Sewage Treatment Plant

No water or sediment cyanide levels were detected at this site that

would constitute a threat to human health or the environment. Iron and

manganese levels in water were above the aesthetic-based standards but

are not considered to represent a health concern. Due to the lack of

source of exposure, this site will not be considered further.

Crab Orchard Creek Below 1-57 Dredge Area

As discussed in Section 33.3, water sampled from the creek

contained iron and manganese levels above the Illinois Public Water

Suppiy and Federal drinking *ater standards. Iron and manganese levels

were above the MCL set for aesthetic concerns but were within the stan-

dards for health protection. Sediment levels were comparable to the

Refuge control sites. Magnesium in the creek water ranged from 5.6 to

$7.2 mg/L. Since there Is an insufficient data base from which to

determine risks to fish, wildlife, and humans at this site, and since

federal criteria or standards for magnesium have not been promulgated, a"

receptor analysis and quantitative risk assessment will not be performed.
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33.3.3 Analysis of Uncertainties

Several areas of uncertainty can be noted in the evaluation of Sites
,,...•'

25. 26, and 27 along Crab Orchard Creek:

« 1. The limited number of samples collected may not completely
-jfr

characterize the sites, given the large geographical area studied;
• (•

2. The uncertainties Inherent in some of the laboratory analyses due to

inadequate QA/QC support data may underestimate the presence of

site contaminants;

3. The chemical form and toxicity of cyanide residues, if any, have not

been determined.

33.5 Preliminary Remedial Alternatives

Follow-up monitoring of surface water and sediments is suggested.

Attachment 1 details a recommended monitoring program. The parameters

• ' identified as possible targets for monitoring along Crab Orchard Creek sites

include total organic carbon, total organic halides, cyanide, manganese, iron,

and magnesium.

33.6 Conclusions and Recommendations

The water samples from Crab Orchard Creek exceeded the State and

Federal standards for iron and manganese, however these standards were

established based on aesthetic concerns of taste and color, therefore, the

levels found do not pose a threat to human health or wildlife. Sediment

contaminant levels detected were not supported by QA/QC data and do not

appear to have leached to the water. It can be concluded that follow-up

monitoring studies [see Attachment 1) will adequately characterize the

conditions of the site in the event that these conditions change.
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SECTION 34 - SITE 28, WATER TOWER LANDFILL

34..1 Site Description

historical aerial photographs indicate that landfilling activities occurred at
-*t

Site 28, adjacent to the Water Tower near Areas 7 and 14. (See Figure 34-1).

The photographs from 1943 show that the area encompassed by the Water

Tower road is radially marked by tire tracks, and debris can be seen at the

end of the tracks. The landfill appears as a diamond-shaped area to the north

of the Water Tower. Photographs from 1951 show that the landfill was not in

use at that time, and the area previously noted to be marked with tire tracks is

now vegetated and the landfill area is no longer distinguishable. The landfill

appears to have been reactivated sometime after 1951, as debris and equipment

are shown in aerial photographs from 1960 and 1965. By 1971, the landfill is

no longer active and the area is partially vegetated. The areas of site activity

indicated on the 1943 and 1965 air photos are illustrated on Figure 34-1.

These activities are not visually apparent today; however, a number of

rusted drums, metal parts and tar residues are present. The site gradually

slopes to the northeast. The sloping face northeast of the Water Tower is

heavily overgrown with briars and rutted with several major gullies; only a

small amount of refuse is evident in this area. N ore activity is evident in the

woods at the bottom of the slope. Standing water in the main drainage gully

showed a slight sheen on the surface on one site inspection, but was not

evident in latter visits to the site. This gully ultimately discharges

approximately 1 mile northward to Crab Orchard Lake. Several small mounds

are within the woods and a larger mound is located at the top of the hill.

Previous soil sampling by DOI detected lead concentrations up to 800 mg/kg.

(Ruelle, February 1983).
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3M.2 Site Investigations

3ft.2.1 Phase I Site Investigations:

A magnetometer and electromagnetic terrain conductivity survey was

conducted along and transverse to the slope of the landfill. (See Figures

34-2 and 34-3). Two shallow ground water monitoring wells were also

Installed and set at depths of 20 and 25 feet in clayey silt. Both wells

included ten foot length well screens from intervals of 10-20 and 15-25

feet respectively.

A survey grid was established for the area northeast of the Water

Tower where burial activities may have occurred based on the aerial

photographs from 1965. Composite soil samples each consisting of six, 0-1

ft. depth grabs) were collected along a central transverse drainage gully,

the Water Tower drainage ditch (south of the grid), and from grids spaced

toward the outer edges of the grid. Six additional grab soil samples (0-1

ft. depth) were collected from other locations, including two from the

diamond shaped area to the north of the Tower, two within the wooded

area where scattered debris was found, and two from locations removed

from the grid. One sample from the transverse gully was resampled for

full CLP organics analyses.

34.2.2 Phase II Site Investigations:

Phase II site investigations included the installation and sampling of

a set of nested ground water monitoring wells in addition to the sampling

of the two wells installed in Phase I. The Phase II wells were set at

depths of 20.5 and 39 feet and screened from 15.5-20.5 and 34-39 feet

respectively. Soils encountered at these sites were generally silt and silty

clay with a fine sand layer identified at 34-39 feet in the deep well. Well
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28-15. The ground water samples were analyzed for CLP HSL volatiles,

pesticides, PCBs, and metals, as well as for cyanide and indicators.

Five soil test pits were dug to a depth of 7 feet. ̂ . The test pit
•*

locations were selected based on the data results from the geophysical

surveys. The pits were dug to explore subsurface soils, although the

Phase I screening did not show elevated contaminants in any of the surface

soils. Six soil samples were collected from these pits: one composite

(0-7 ft. depth) from each pit, as well as one composite combining the five

test pit samples (See Figure 34-1). The soils were analyzed for PCBs,

magnesium, copper, lead, arsenic, and cyanide.

34.2.3 Site Hydrogeologic Characterization

34.2.3.1 Site Geology

Based on results of*the well installations at Borings 28-7, 8, 15 and

16, the subsurface unconsolidated overburden consists of a mottled grey,

orange, and brown silty clay to clayey silt containing trace amounts of

sand and fine gravel. This material continues vertically to depths of 20 to

25 ft. below ground level, and appears to be laterally continuous

throughout the site. Beneath the silty clay layer, approximately 12 ft. of

clay is present to a depth of 24 to 36 ft. as exhibited in the deep boring

28-1!J. A thin layer of fine-coarse sand is present beneath the clay, and

occurs above a medium grained, light grey sandstone bedrock. Top of

bedrock is 37.5 ft. below ground level in the deep boring. As only one

boring encountered materials beneath the silty clay layer, no estimate can

be made of the lateral extent of the lower unconsolidated layers.
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34.2.3.2 Site Hydroqeoloqy

Occurrence of Ground Water

Shallow ground water occurring beneath the site was found at a

depth of 1.5 to 18 ft. below the ground surface within the silty

clay/clayey silt soil unit. The three shallow ground water monitoring wells

were screened in this upper water table. Ground water elevations

collected during the winter and summer of 1987 (wet and dry seasons,

respectively) indicate a water table fluctuation of 2 to 4 ft. with water

levels dropping during the summer months (Table 4-3).

A lower ground water aquifer was encountered in the lower portions

of the soil sequence on top of the sandstone bedrock where

unconsolidated sands were encountered. The deep well installed on site

was screened in this lower aquifer. Ground water elevations collected

during the winter and summer of 1987 indicate a 0.75 ft. fluctuation in

the water table with levels dropping in the summer months (Table 4-3).

This lower aquifer is confined, as is apparent by a 3 ft. higher elevation

in ground water in the deep well as opposed to that occurring in an

adjacent nested shallow well.

Ground Water Flow Conditions

Ground water elevations from the shallow ground water monitoring

wells were contoured and are presented in Figure 34-4. The ground

water flow direction is toward the northeast, i.e. along a north-south

trending stream which flows north into Crab Orchard Lake. The

hydraulic gradient of flow (i) during June 18-19, 1987 was approximately

0.016 ft/ft. The average hydraulic conductivity (K) for the shallow wells

was calculated to be about 0.37 ft/day. Porosity was assumed to be 0 .35

(Davis and Dewiest).



A calculation was then made of the average ground water flow velocity

(Vs) through the upper soil units. Using the formula given in Section

4.2, the resultant velocity was calculated to be about 0.017 ft/day or 6.2

ft/year. The flow velocity is controlled by the relatively low hydraulic

gradient and low hydraulic conductivity occurring in this area. An upward

vertical flow was identified from the unconsolidated aquifer screened by

the deep Well 28-15 into the upper water table. This phenomenon indicates

discharge of deep ground water towards Crab Orchard Lake.

34.3 Analytical Results (See Appendix I. Page 27)

31.3.1 Phase 1 Analytical Results:

The magnetometer and electromagnetic surveys shown in Figures 34-2

and 34-3 suggested the presence of metallic debris within the transverse

ditch. Some scattered residues of metallic

debris were found during the site inspection within the wooded area to the

east,

The symmetrical contour lines shown in Figure 34-2 north east of the

grid resulted from the more narrow grid spacing which had to be used

within the wooded area, and was not due to any metallic or conductive

objects at the Site. Figure 34-1 shows the detected PCB concentrations on

a wet weight basis. Two of the soil samples (28-4, a surface grid

composite, and 28-13, a grab from the wooded area) contained 2.8 and

1.7 mg/kg dry weight respectively, which were higher than those

detected in the othe soils (less than 0.01 to 0.354 mg/kg dry weight).

The soil composite collected from the transverse gully (sample 28-2) at a

0-1 ft depth contained 0.35 mg PCBs/kg. The soil composite along the

ditch south of the landfill area contained 0.023 mg PCBs/kg dry weight.
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Lead was detected in all of the surface soil samples at concentrations

4 ranging from less than 20 to 250 mg/kg. Lead concentrations are
'•W>'

estimated and are reported for screening purposes only. The highest
•~j

lead concentration was detected at Location 28-4, which also contained the

highest PCB concentration. The range of lead concentrations measured

would not be considered atypical for lead levels in soils.

34.3.2 Phase II Analytical Results:

The soil samples collected along the transverse gully (Figure 34-1;

location 28-2. 0-1 ft composite for Phase I. and locations 28-17 to 28-22 at

0-7 ft depth for Phase II). contained PCB concentrations in the range of

less than 1 to 22 mg/kg for four test pits, and one high concentration of

8,900 mg/kg at test pit location 28-18. The composite of the five test pits

(Sample 28-22) contained 320 mg/kg PCBs, skewed by the detection of

residues in one test pit. Lead concentrations ranged from 13 to 712

mg/kg for the test pit soils with the exception of sample 28-18 which

contained 4,300 mg lead/kg. Copper concentration was also elevated (8 .4

to B13 mg/kg) compared to the Refuge background. The hicjhest copper

value was detected in the sample from 28-19, adjacent to the pit with

elevated PCBs and lead. Magnesium levels were found at 2,940-16.300

mg/kg which are within an order of magnitude of the Refuge background.

The ground water samples all contained below 1 ug/L PCSs. Traces

of chloroform were detected in nested wells 28-15 and 28-16 only, at 2

and 10 ug/L, respectively. Acetone and methylene chloride were reported

In the waters but their presence is attributed to laboratory contamination.

No pesticides were detected.
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All dissolved metals concentrations were below the Illinois Public

Water Supply Standards and Federal MCLs and MCLCs; however, only the

. unfiltered samples were analyzed for wells 28-15 and 28-16. The

concentrations of some metals were detected above the standards for these

unfiltered well samples. Total copper was 117 ug/L in Well 28-16,

compared to the Federal Drinking Water standard of 1,000 ug/L, and the

Illinois State standard of 20 ug/L. Manganese exceeded the Illinois and

Federal MCL standard of 50 ug/L for the same well at a concentration of

2,780 ug/L total. Total iron in the monitoring wells exceeded the Federal

MCL standard for iron of 300 mg/L, with concentrations between 425 ug/L

and 94,600 ug/L. It should be noted that the excursions for iron and

manganese are not considered to represent a concern for public health or

wildlife protection, since these standards are promulgated due to

considerations of taste and color. Unfiltered lead (4.5-76 ug/L) and zinc

(16-355 ug/L) were also elevated, but only lead was above the Federal

standard of 50 ug/L.

34.4 Environmental Effects

34.4.1 Qualitative Assessment

34.4.1.1 Source Evaluation

Although aerial photographs indicate that a waste disposal area

existed in the vicinity of the Water Tower, there is no information

currently available regarding the history or source of the wastes disposed

of at this site. Most information regarding the nature and composition of

wastes in this area is based on the test pit investigation. The test pit

investigation, which was based on the results from the geophysical

surveys, revealed that the metallic objects in the landfill were not
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directly identifiable as being of municipal origin, but appeared to be small

pieces of stamped metal, wire and other objects. It Is presumed that

these materials may have originated from one or more of. the industrial

?ltes in the area.

There were no containers or containerized wastes located in any of

the test pits, nor were any such materials located on the surface of the

site, with the exception of one empty rusted drum in the wooded area.

Likewise, there were no liquid or semi-liquid wastes, such as oils or tars,,

observed in the test pits or surfaces of the site. The primary waste

materials encountered were what appeared to be wires, small metal parts

and small electrical components, such as switches. There were no solid

chemical wastes observed in the test pits or at the surface of the site. At

this time, with the exception of the test pit areas, the site is covered

by vegetation.

Based on the results of the surface soil sampling, the surface of the

site appears to be free from waste contamination. The results of the test

pit investigation indicate the presence of PCBs and lead at one of the

subsurface locations. With the exception of PCBs, priority pollutant

organics were not significantly different from those detected at the control

sites.

Although all of the components of waste at this site are not known,

based on the chemical compounds detected (PCBs, lead and copper}, the

waste residues are not especially mobile, and would therefore be expected

to remain in place within the landfilled area. Due to low vapor pressures

characteristic of these compounds, these compounds do not tend to

volatilize. Also, PCBs have a very low solubility in water and a high

organic carbon adsorption coefficient. These two factors significantly

retard the leaching of PCBs into the ground water.
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Lead and copper also have a limited potential for mobility.

Depending on the type of compound they are a component of, these two

met<iIs demonstrate only low to moderate solubilities in water. Also, as

cations, they become adsorbed to active (predominantly negative) surfaces

on soils and sediments, thereby retarding their ability to be leached and

be transported with ground water.

Of the materials detected within the site, PCBs have the highest

potential to cause toxic effects. PCBs have been demonstrated to cause

both acute and chronic toxic effects at low doses. Acute effects are of

most concern to fish and wildlife (Exhibit A). PCBs have also been

demonstrated to be carcinogenic in animal studies. In comparison with

the toxic properties of PCBs, lead and copper are considered as minor

toxic components at the levels at which these metals were detected at the

site. The PCBs will therefore be the major source compound considered

in this risk assessment.

34.4 .1 .2 Transport Route Evaluation

a) Air: Because the waste materials are currently covered by a layer

of vegetation and have not been shown to be present in samples of

surface soils, the waste materials present at this location are not

considered to be a significant source for release to and transport by

the air route. The site contaminants (PCBs, lead and copper) do not

exert an appreciable vapor pressure and will not diffuse out of soils

into air at significant concentrations. For these reasons, the air

route is concluded to be non-functional at this location.

b) Direct Contact: As with the air route, the direct contact route

cannot be considered to be complete, based on the absence of
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exposed waste materials. However, in the event that portions of the

site cover are disrupted, such as by excavation or by burrowing

activities by small mammals, wastes may become exposed, thus

creating a source for the direct contact pathway. However, in its

present condition It can be assumed that the direct contact route is

not functional at this location.

c) Surface Water: Based on the absence of exposed waste materials

that could come in contact with surface water runoff at or near the

site, it can be concluded that the surface water transport route is

not functional at this location. However, should the waste materials

become exposed, they could be scoured by precipitation and runoff,

thereby entering the surface water.

d) Ground Water: The results of the groundwater sampling and

analysis program indicate that waste components are not present in

groundwater above the limits of detection. The measured soil

hydraulic conductivity at this site ranges from 2.U8 x 10~ to 5.93 x

10~6 ft/sec (Table 4-U). The transport of PCBs and lead are

significantly retarded by this type of soil. On this basis, and the

results of the ground water analyses which indicate the absence of

waste components, it can be concluded that the ground water

transport route is not functional.

31.1.1.3 Receptor Evaluation

Human

Based on the results of the site inspection and analytical program,

and the fact that the waste materials are currently covered by soils and

vegetation, the transport route evaluation indicated that there is
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currently no potential route by which human receptors in the area may

become exposed to the waste materials. However, should this area be

excavated in the future for construction or other purposes, all of the

routes, with the exception of the groundwater route, would become

functional and the potential for human exposures would arise.

Wildlife

The Water Tower Landfill is In a wildlife refuge and therefore the

potential for contaminant exposure is also possible for wildlife. As with

human exposures, the fact that the waste materials are currently covered

with vegetated topsoil generally provides a barrier against exposures by

wildlife. However, exposures may be experienced by burrowing animals if

these were to establish dens within the area of the fill. Nevertheless

these exposures would be minimal, based on the results of the test pit

investigation, which identified PCBs and metals in isolated areas, rather

than evenly distributed throughout the site.

30. f t .2 Quantitative Assessment

Because no complete exposure scenarios could be identified in the

qualitative risk assessment, there is no basis for preparing a quantitative

risk evaluation.

33.4.3 Analysis of Uncertainties

The sampling locations for this site were based on reviews of

historical aerial photographs, geophysical surveys, and site inspections.

This information was used both for selection of surface and deep soil

sampling locations. Based on the results of these surveys, in addition to
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the Phase I and Phase II analytical sampling programs for soils and ground

water at this site. It Is concluded that the data generated should be

adequate to characterize the site.

34.5 Preliminary Remedial Alternatives

The Phase I and Phase II sampling program for this site did not detect

surface soil contamination or contaminant migration via ground waters. All

constituents analyzed in the surface samples were within the ranges found at

the Refuge control sites. Deeper soil samples (1 to 7 ft. depths test pits) from

one area revealed a localized source of PCBs and lead. However, based on the

overall evaluation of site conditions, hydrogeology, ground water analyses,,

surface and subsurface soil characteristics, the conclusions of the risk

evaluation are that the waste source is adequately isolated, and no complete

pathway!, were identified that might pose a risk to wildlife or humans under

present site conditions.

Based on the conclusions derived from the risk evaluation, potentially

applicable remedial efforts to be evaluated in the FS might include ground water

monitoring, limited site access, capping, surface water diversion, regrading,

and revegetating. Site characterization data generally support these remedial

technologies; however, in the event that excavation and transport of materials

is considered, additional sampling might be conducted to more accurately define

the waste source. Estimates for evaluation of remedial response alternatives in

the FS> will be made based on available data including aerial photographs,

geophysical surveys, and the RI sampling results.

A summary of potential remedial actions for this and all sites at the Refuge

is shown in Table 2 of the Executive Summary. The remedial technologies will

be reviewed in more detail as part of the FS.
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Any considerations for future land uses should be evaluated and approved

by the Refuge Management. Some of the potentially applicable remedial

measures for this site are reviewed below.

Limited Site Access

It may be advisable to reduce human and/or wildlife access to the

Water Tower site. Construction of a fence around the landfill area would

accomplish this, although maintaining a thick vegetative cover may provide

adequate protection since wastes are currently not exposed. Deed

restrictions may be incorporated to control future uses of the site.

Capping, Regrading, Control of Surface Water

To further limit the potential for exposure to subsurface

contamination, engineering controls such as capping may be instituted at

this site. Regrading and diversion of surface streams and drainage

channels may be implemented in lieu or in conjunction with the cap, to

protect surface soil erosion.

Monitoring - Croundwater

The . remedial response actions may include periodic sampling and

analyses of the four monitoring wells for PCBs and lead.
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3^.6 Conclusions and Recommendations

It can b« concluded that the Water Tower Landfill site 'contains subsurface

•""' soil contaminants with the primary pollutants being PCBs and lead. It is
•j

recommended that remedial alternatives for this site be evaluated In the FS.

Since the sampling results confirmed only subsurface contamination, remedial

efforts will focus on preventing future exposure to human or wildlife receptors.

Potentially applicable remedial measures to be evaluated in the FS include

regrading, surface water diversion, drainage controls, capping, limited site

access, and ground water monitoring.
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SECTION 35 - SITE 29, FIRE STATION LANDFILL

35.1 Site Description

Site 29 is a large open field (roughly 350 ft. x 300 ft) southwest of the

Refuge Fire Station. (See Figure 35-1). The field was used for storage of

mining machinery until several years ago. Prior to that, the landfill was

reportedly used by Olin, and a fire is reported to have occurred. Debris is

visible on the northern and eastern embankments. The eastern edge of the

landfill drops four or five feet to a swampy area. Much of the debris consists

of concrete, metal, wire, and other -machinery-related items. A slight sheen

was observable on the swamp water during one site inspection. Previous soil

sampling by DOI on the north side of the field detected lead concentrations up

to 553 mg/kg (Ruelle, February 1983). The landfill is suspected to contain

ignitable magnesium metal, according to the Refuge Manager. An empty

30-gallon drum labelled "Magnesium Powder" was found along the southern end

of the eastern face.

35.2 Site Investigations

35.2.1 Phase I Site Investigations:

A magnetometer and electromagnetic terrain conductivity survey was

conducted over the northeastern end of the field using grid spacings of

20 feet. (See Figures 35-2 and 35-3).

Four ground water wells were installed. Three shallow wells were

set within silty clay and silty sands to depths of 15, 25 and 30 feet.

The fourth well was installed at a depth of 23 feet in sandstone bedrock.

All wells screened the lower 10 feet of the boring.
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Seven composite soil samples (12 grabs each, at 0*1 ft depth) were

collected at grid locations along the eastern and northern faces of the

field. One soil from the eastern face was resampled for full organics

analysis.

35.2.2 Phase II Site Investigationsj

Ten test pits were dug to a depth of six feet, five pits along the

east face and five along the north face. One composite soil sample was

collected for each of the test pits along the east and north faces. Shallow

(0-1 ft. depth) soil samples 29-1 to 29-7 were resampled at the Phase I

locations for mercury analyses. Soil samples were also collected from the

ditch approximately 50 feet from the landfill edge to prepare a field

composite for the north and east ditch transects. The sample locations

are shown on Figure 35-4. The soil samples were analyzed for PCBs,

lead and magnesium.

The four monitoring wells installed in Phase I were sampled and the

ground water samples were analyzed for HSL CLP purgeables, pesticides,

metals, and cyanide.

35.2.3 Site Hydrogeologic Characterization

35.2.3.1 Site Geology

Information obtained from the subsurface soil boring and well

installation program (Borings 29-8 to 11) indicates that the site is

underlain by approximately 13.5 to 28 ft. of unconsolidated sediments

consisting of silty clay and clayey silt with trace sand content, overlying

a light brown, medium grained sandstone bedrock. The bedrock

encountered is similar to that encountered at most of the other sites. The
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silty clay/clayey silt overburden appears to be continuous throughout the

site (see Appendix B). Bedrock is also laterally continuous, as it was
• .»,..-•

encountered in all four on-site borings.

35.2.3.2 Site Hydrogeology

Occurrence of Ground Water

Shallow ground water occurring beneath the site was located

consistently within the silty clay/clayey silt overburden. Based on

inspection of saturation in soil core samples and ground water levels in

wells, ground water in this unit appears to be unconfined similar to other

areas investigated. Depth to ground water was found to range 1 to 7

ft. below ground level. Ground water elevations collected during the

winter and summer of 1987 (wet and dry seasons, respectively) indicate a

water table fluctuation of between 0.5 and 5 ft., with water levels

' ' » * • ' ' dropping during the summer months (Table U-3).

Ground Water Flow Conditions

Ground water elevations from the shallow ground water monitoring

wells (29-8 to 11) were contoured and are presented on Figure 35-5. The

ground water flow direction shown in this figure indicates a flow direction

to the east, and towards an adjacent stream which flows southwest into

Crab Orchard Lake. The average hydraulic conductivity (K) was

calculated to be 1.56 ft/day. The hydraulic gradient (i) during June

18-19, 1987 was about 0.007 ft/ft as calculated from the four on-site

monitoring wells. Porosity was estimated to be 0.35 (Do.is and Dewiest).

A calculation was then made of the average ground water flow

velocity (Vs) through the upper soil units. Using the formula given in

35-3



FIGURE 35-5

SITES 22, 29 &31 GROUND WATER FLOW MAP

SITES 22,29 a 31
22-OLO REFUGE SITE
29-FIRE STATION SITE
31 -REFUGE CONTROL SITE

-LAKE 8 STREAM

22-9 JUNE 18, 1987
• -MONITORING WELL LOCATION a

IDENTIFICATION
438.49 -GROUND WATER ELEVATION

438 *_ .• -GROUND WATER CONTOUR
-I- ». -GROUND WATER FLOW DIRECTION

— CTBRIENfiGERE
ENGINEERS INC



Section 4.2. the resultant velocity was computed to be about 0.031 ft/day

or 11.32 ft/year. The flow velocity is controlled by the relatively low

hydraulic gradient and hydraulic conductivity of soils occurring in this

area.

35.3 Analytical Results (See Appendix I, Page 28)

35.3.1 Phase I Analytical Results:

The magnetometer and electromagnetic survey shown in Figures 35-2

and 35-3 confirmed that the northern and eastern edges of the field are

the areas containing metallic debris.

The metals values reported are estimated values to be used for

screening purposes (see Exhibit B). Lead concentrations in the soil

ranged from 20 to 280 mg/kg, consistent with the concentrations detected

at the control sites, except for sample 29-1 from the east face which

contained 410 mg/kg lead. Zinc levels of 23-929 mg/kg were

approximately two times the zinc levels detected at the control sites.

Magnesium was also somewhat elevated throughout the site ranging from

2,430 mg/kg to 35,100 mg/kg compared to levels of 1,210-1,380 mg/kg

detected at the control sites. The highest lead concentration was found

in the sample with the highest magnesium concentration. Mercury was

detected in six soils along the east and north at concentrations ranging

from below 1 ug/kg to 5.9 ug/kg but mercury analyses were questioned

due to QA/QC deficiencies and thus this parameter was reanalyzed in

Phase II. Sample 29-2 with the highest FID scan (19.123 ug/kg) of all

the soils was analyzed for CLP organics, but none were detected.
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35.3.2 Phase II Analytical Results;

The six soils resampled for mercury contained between 23-290 ug/kg,

which are higher than background for the Refuge. PCB levels in the

test pit soils ranged from less than 0.40 mg/kg to 2.10 mg/kg wet weight

(less than 0.019 mg/kg to 2.56 mg/kg dry weight). Magnesium and lead

were detected in all of the samples ranging from 1,472 mg/kg to 40,268

mg/kg and 60 mg/kg to 2,355 mg/kg respectively (see Figure 35-4). The

samples collected from the landfill contained between 3,038 and 40,268

mg/kg magnesium, and between 60 and 1,451 mg/kg lead. The composite

samples collected from the north and east transects of the ditch contained

1,472 and 6,330 mg/kg magnesium, and 106 and 2,355 mg/kg lead. The

higher concentrations exceeded the levels for both metals at the control

site soils by more than one order of magnitude.

The ground water samples contained acetone (23-11,500 ug/L),

benzene (4 ug/L, below detection limit), iron (388 - 4,000 ug/L total and

less than 25 ug/L dissolved), manganese (43 - 1,790 ug/L total and 24 ••

1,770 ug/L dissolved), selenium (less than 2.5-41 ug/L total and less

than 14-30 ug/L dissolved), and zinc (39-140 ug/L total and 16-78 ug/L

dissolved). Cyanide concentrations were below the detection level of 0.05

mg/L. The parameters which exceeded the Illinois Public Water Supply

and/or Federal Drinking Water standards were iron (standards of 1.000

(State) and 300 (Federal) ug/L), manganese (State and Federal standards

of 50 ug/L) and selenium (State and Federal 10 ug/L); however, dissolved

metals concentrations exceeded only the standard for manganese. Iron

and manganese are regulated compounds due to their objectionable taste

arid color in water; the levels reported at this site do not pose a risk to

humans or wildlife. One sample which contained 4 ug/L benzene was
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above the AWQC for human health of 1.5 ug/L. Acetone was the only

other organic detected but it was also present in the QA/QC blank.„.,.*'

Figure 35-1 Illustrates the results for mercury, magnesium and lead

at the site.

35.4 Environmental Effects

35.a.1 Qualitative Assessment

35.1.1.1 Source Evaluation

The Fire Station site is an abandoned field where various waste

materials including mining machinery, are alleged to have been disposed

of in the past. The area is currently well vegetated with brush and tall

grasses. Some exposed waste materials are present along the north and

east faces of the site. There is a low area adjacent to the landfilled area

which contains standing water during wet weather months.

In general, little is known regarding the nature or origin of the

waste materials. There were no containerized or free phase chemical

wastes located during the sampling excavations. However, an empty drum

with markings indicating that it had at one time contained magnesium metal

was encountered. Based on the test pit explorations, it was determined

that the site contained solid waste of mixed origin. The field team did not

recognize any wastes such as beverage cans and food jars which might be

classified as municipal refuse. There is no information or record available

regarding the amount and chemical composition of the landfilled waste

materials. Therefore, this risk assessment will be based upon the residues

detected.
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The results of the analytical investigations are consistent with the

absence of chemical wastes at this site and the possibility that it may

have been used for the disposal of munitions wastes. There were no

organics detected in soils at this site. There were also no PCBs or

pesticides detected. The only organic chemical detected was acetone, which

was detected in ground water, but this may be attributed to residual

acetone on the sampling equipment following decontamination with acetone.

Acetone is also commonly detected as a lab blank contaminant. The

chemical components detected, including zinc, lead and magnesium, are

consistent with the potential use of the area for the disposal of munitions

wastes. These metals, specifically magnesium and lead, are commonly

encountered at munitions waste disposal areas. On the basis of the

concentrations at which magnesium and lead were encountered and the

potential acute and chronic toxicity of lead, magnesium and lead were

'*"*''' chosen as site indicators for the risk assessment. Toxicological profiles for

lead and magnesium are presented in Exhibit A.

35.4.1.2 Transport Route Evaluation

Air Route

The surface of the site is generally well vegetated. There were no

large areas of exposed wastes prone to erosion and dust generation

encountered during the course of the field investigation. Also, there was

no evidence of vehicular or foot traffic over the waste site which might

lead to the erosion of the cover and the generation of airborne dusts.

Because there were no measurable residues of volatile organic materials

detected in the soils sampled, it can be concluded that there are no vr'at-

ile wastes present on the site surface which might evaporate and be
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transported via the air route. On the basis of the above considerations,

it can be concluded that the air route is not functional at this location.

The air transport route will not be considered further in this evaluation

except as applied to exposures to dust by burrowing rodents. Neither

humans or non-burrowing wildlife would receive exposures to contaminated
i
! dust particles, discussed above.

Direct Contact

As stated above, the surface of the landfilled area is covered and

generally well vegetated, with few exposed waste materials. Exposed

wastes encountered are limited to a few pieces of scrap metal and debris.

On this basis the direct contact route at the landfilled area is considered

to be non-functional. However, the direct contact route will be considered

in conjunction with the surface water transport route.

Ground Water

Analyses of samples of ground water collected from monitoring wells

located at- the periphery of the landfilled area contained detectable residues

of acetone. It has been suggested in the source characterization section

that the acetone residue may be an analytical or sampling artifact.

However, this cannot be substantiated. Also, manganese concentrations

above State and Federal standards were detected in ground water.

Therefore, the residues will be accepted as reported. On this basis, the

ground water transport route will be considered to be functional.
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Surface Water

It has been established that the site is currently covered by a layer

of vegetation and that there are few exposed waste materials in the

land filled area. Therefore, there is a low likelihood that waste materials

are being eroded from the site by the action of surface precipitation.

However, the landfill Is situated adjacent to a steep grade which terminates

at a ditch that drains into the wet area near the site. On the basis that a

steep grade and a temporary surface water body exist near the site. It can

be concluded that the surface water transport pathway can function at

some time by scouring materials from the top of the landfilled areas and

transporting them to the wet area. It is also possible that leachate may

be generated and released along the face of the grade and be transported

with runoff into the ditch and adjacent wet areas. These mechanisms could

establish a source of waste materials for exposures via the ingestion and

direct contact routes.

On this basis, the surface water transport pathway will be concluded to be

functional at this location.

35.1.1.3 Receptor Evaluation

The area where the landfilled waste materials are located is a

considerable distance behind the Refuge Fire Station. This area is not

used for recreational or industrial purposes. This area is also not near

properties used for the propagation of agricultural commodities such as

meat and dairy products or grain. The primary human activity nearest to

this location is related to the Fire Station. Consequently, human activity in

this area is expected to be very low. On the other hand, wildlife may

inhabit the area. The low wet area and adjacent wooded areas may be
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inhabited by wildlife such as small mammals and birds, as well as by

invertebrates and amphibians. The area may also be the habitat for deer.

There are no ground water users located in the area.

3S.4.1.4 Summary of Complete Exposure Pathways

Based on the above considerations, it has been established that the

air and direct contact routes at the landfill surface are incomplete, based

on the non-functional nature of these transport routes. One eception is

noted for the air route: exposure to contaminated dusts by small rodents

which could burrow into land filled areas. The ground water route has

been determined to be functional based on the detection of ground water

residues. However, there are no ground water users in the area.

Therefore, the ground water route can also be concluded to be incomplete.

The primary route determined to be complete is the .surface water

route, because of the possibility for erosion and transport of wastes

towards the adjacent ditch and wet areas, where wildlife or human

recreational users may encounter the materials. This transport and

exposure route will be considered in the quantitative assessment.

35.4.2 Quantitative Assessment

35.U.2.1 Estimate of Release and Exposure Rates

Surface Water Mediated Direct Contact Exposures:

The surface water transport route has been determined to be

complete. Transport by this route could result in the establishment of

residues of landfilled wastes in the ditch adjacent to the waste site and

and other surfaces at downstream locations. A direct contact scenario

involving wildlife or human receptors coming tnto contact with waste
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residues in the ditch is possible, under a variety of circumstances.

However, human exposures are much less likely to occur by this scenario

than would be exposures experienced by wildlife Inhabiting the wet areas.

Levels of lead detected In the landfitled areas ranged from 60 to

2,355 tng/kg. One composite sediment sample from the north ditch showed a

lead concentration of 106 rog/kg, while a composite sediment from the east

section of the ditch contained the highest lead level detected at 2,355

mg/kg. Assuming that humans will not repeatedly visit the site,

exposures to soils in the ditch will be only on an acute (one time) basis.

Previous evaluations presented in this report (see Section 24.4.2) assume

that a human recreational user might ingest 100 mg soil during a four hour

recreational visit to any particular site. If we assume exposures to soils

in the ditch can occur highest concentrations of lead detected on the site,

the following exposure can be calculated:

100 mg soil/visit x 2.35 ug lead/mg soil = 235.5 ug lead/visit,

235.5 ug lead/visit x 1/70 kg body wt. = 3.36 ug/kg/visit

The above calculation shows that, for a 70 kg human, this exposure

represents a single dose of 0.00336 mg/kg/visit. Compared to a reported

minimum chronic toxic dose of lead to a female subject over a 6 year

duration of 450 mg/kg (RTECS, 1986) and a chronic no effect level of 0.32

mg/kg/day (USEPA HEA September. 1984), the dose calculated for this

site represents a non-toxic level. For a worst case of three visits/year to

this site, every year during a 70 year lifetime, each resulting in

exposures of this magnitude, an annual lead exposure rate of 0.027

ug/kg/day is obtained, over 10.000-fold below the chronic no effect level.

On this basis, it can be concluded that acute, and even chronic

exposures potentially experienced by recreators who might spend a day in
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the Fire Station Landfill area would not represent unacceptable exposures,

even under the scenario of repeated exposures described above.

In contrast to the limited likelihood of human exposures at this site,

wildlife, such as small mammals, birds and amphibians Inhabiting the area

could experience chronic exposures to residues of lead and magnesium

present at the site. Since wildlife would likely roam over the land filled

areas as well as the ditches, it will be assumed that such species are

exposed to lead levels equal to one-half the highest concentration detected

at the site or 1,177 mg/kg lead. The typical wildlife direct contact

exposure estimates used in previous sections have been based on a field

mouse, deer, rabbit and bird; these species will also be applicable for the

wildlife assessment at this site.

Using the soil ingestion and inhalation rates presented in the wildlife

risk assessment for the Job Corps Landfill (Section 24.4.2), potential

receptor wildlife species at this site may be exposed to the following levels

of site lead residues:

Estimated Dally (Chronic) Intake - Lead

Specie*

Deer
Hal lard
Rabbit
Nous*

Weight
(kg)

60
1
1.0
0.03

Inhalation Rate

ug/kg/day

NA
"•

NA
2.3

Inqestlon

ug/kg/day

6.3
• • •

16.8
11.2

Total

•g/kg/day

6.3
M.2
16.8
11.2

NOTEt See Table 2%-1 (Sactlon 2*.».2.2) for assumption*.
NA • Not Applicable

t oug t e e a e o iet oi toxicity data on these species

of wildlife, these dosages of lead, when evaluated in comparison to the

previously cited USEPA chronic no-effect level of 0.32 mg/kg-day for

humans (which was generated on the basis of rat studies) indicates that
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the doses calculated above may represent levels at which chronic toxicity

could be experienced by wildlife.

35.4.2.2 Toxlcological Assessment

The above analysis indicates a low likelihood for humans to come into

contact with wastes present in the vicinity of the landfllled materials.

However, even in the case where a human might encounter and ingest

"worst case" amounts of eroded wastes, the dose experienced would not

be likely to cause the human to experience toxic effects.

In contrast to the limited potential for the waste materials to

represent an unacceptable risk to human receptors, it is possible for

wildlife in the area to ingest residues of lead associated with eroded

wastes at concentrations which would represent toxic effects under a

chronic exposure scenario.

35.t.3 Analysis of Uncertainties

The following are the major factors which should be con- sidered

when evaluating the uncertainties associated with this evaluation:

1) The waste materials present within the landfllled areas have not been

comprehensively characterized. Therefore, the actual amounts,

physical state and chemical composition of the waste source may not

be consistent with the identities and concentrations utilized in this

evaluation.

2) There is limited information available on the concentrations and

distribution of waste materials present in the ditch and wet areas

evaluated as part of the surface water mediated direct contact
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exposure route. The concentrations assumed in the quantitative

assessment may be overestimated, thereby overestimating the actual

risks experienced by wildlife.

- 3) There are no data available on the chronic toxicity of lead to wildlife

suitable for use in evaluating the residues predicted at the site

studied. The chronic effect level used in this

assessment to evaluate potential toxicity to wildlife has been derived

for humans, on the basis of laboratory animal studies. Differences

in body weight and surface area, as well as metabolic considerations

and wildlife disease states, represent an unquantifiable level of

uncertainty which could effect the reliability of the risk estimates

regarding wildlife presented in this assessment.

35.5 Preliminary Remedial Alternatives

Based on the site investigations and the analyses of environmental effects,

remedial actions aimed at reducing exposure to lead residues in soil by wildlife

might be required. In addition, removal or containment of soil may be required

in some areas'of the landfill, particularly if additional characterization shows

the presence of EP Toxic Sediments.

The contaminants detected ouuve Refuge uackground levels include lead,

magnesium, mercury and zinc in soil matrices. Most soil samples including

surface and test pits (to a depth of 6 ft.) were taken along the limits of the

fill area, as evidenced by the grade along the north and eastern edges, and

thus exhibited high metals concentrations. A field transect taken approximately

50 ft. away from the grade apparently was beyond the limits of the fill along

the north face, since it contained levels of magnesium and lead similar to the
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rang« for Refuge background soils. The limits of the landfill along the eastern

face may extend beyond 50 ft. from the eastern grade since the data for the

—••" east face transect sample contained levels of lead and magnesium^similar to the

levehf found in the samples from the edge of the landfill.

The unfiltered samples of ground water contained iron, manganese, and

selenium above the State Public Water Supply standards, but the metals were

mostly associated with particulates and thus would not be expected to migrate

readily in the groundwater table. Moreover, iron and manganese constituents

were not considered to pose any health concerns at the levels detected.

Any future land uses should be evaluated prior to approval by the Refuge

Management. Some of the potentially applicable remedial actions for this site

are discussed below. A summary of the potential response options for this site

is included in the Executive Summary (Table 2).

Limited Site Access

It may be advisable to limit human and wildlife exposure to water or

soils at the Fire Station Landfill through construction of a fence around

the site. Access could be controlled by the installation of locked gates to

ensure that only authorized personnel enter the site. Deed restrictions

might be imposed to limit future uses of the site.

Removal or Containment of Soi]

One alternative to control the migration of metals offsite might

Involve capping the edges of the landfill with a clean, relatively

impermeable cap. Additional sampling may be warranted to further define

1-•,„»>'
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the limits of the landfllled area and the extent of contamination in the east

wetlands. EP Toxicity analyses might be conducted to determine if the

lead wastes are hazardous.

Monitoring - Ground Water

Follow-up remediation efforts may include periodic sampling and

analyses of the four monitoring wells for lead, magnesium,, manganese,

mercury, and zinc.

In addition, studies to verify the adequacy of the cleanup might

begin immediately following remediation.

35.6 Conclusions and Recommendations

It can be concluded that the Fire Station Landfill site is impacted with the

principal pollutant being lead. It is recommended that remedial alternatives for

this site be evaluated in the FS. Potentially applicable remedial measures

include removal or containment of contaminated hot spots, surface water control

measures and ground water monitoring.
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SECTION 36 - SITE 32, AREA 9 LANDFILL

'""'" **J Slt*

Ar«« 9 Is a manufacturing site on the Refuge. It was leased to Sangamo

Electric Co., Capacitor Division from 1946 to 1962 and is currently leased to

Olln Corporation. The area is comprised of a Building Complex and an inactive

landfill located adjacent to the buildings (See Figure 36-1). Sangamo Electric

manufactured various types of capacitors, utilizing aluminum, electrolytes, mica,

silver, lead foil, and PCBs. Olin Corporation currently uses the buildings to

manufacture explosives. Over the years, a number of other companies have

occupied Area 9, according to the Refuge files, including, but not limited to,

machining and metal fabricating industries, electrical components, and

explosives manufacturing industries.

The Area 9 Landfill was reportedly used during the 1950s and early 1960s

for disposal of wastes from capacitor manufacturing operations. The landfill

was closed in 1964 (Ruelle, July 1984). When the landfill was active, wastes

were burned, compacted in a swale and covered (Adams. May 24, 1984).

Specific types of components that may have been disposed include some

containing lead, acetate, PCBs (Aroclor 1254 and 1242), and PCB combustion

products. Other possible disposed materials from capacitor manufacturing may

have contained mica, silver, cyanide, aluminum hydroxide, aluminum oxide,

gold, copper, zinc, hydrochloric acid, styrene, nitric acid, phosphoric acid,

and berates. Other industrial wastes may include cyanides, printing inks and

lead-based explosives. In addition, waste oils and debris were reportedly

burned and covered with soil. The landfill was also possibly used for disposal

of wastes generated in the manufacture of explosives. The landfill is locat.ec
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about 100 yards south of Crab Orchard Lake and 100 yards east of the building

complex.

,,,' The limits of the landfill are discernible by changes in the topography and

vegetation, revealing an area of approximately 2.5 acres with an estimated fill
, f —. •*

thickness of 8 to 10 feet in the middle and 6 feet at the edges. The landfill is

covered by a thick growth of tall grass except where waste materials are

exposed. The volume of the landfill is estimated to be from 16,000 to 35,000

cubic yards. Materials visible on the surface appear to be electrical components

consisting of small capacitors, capacitor parts, chunks of a golden resin, and a

number of 3-inch steel cuplike pieces.

A magnetometer survey conducted by DO I suggested that the majority of

wastes are buried along the eastern and northern edges of the landfill. (See

Figure 36-2). Runoff from the landfill can drain into an intermittent creek and

into Crab Orchard Lake.

Three ground water monitoring wells were installed in the vicinity of the

landfill in late 1983 prior to the Phase I investigation (Gifford, 1984). (See

Figure 36-1, Wells COW1-COW3). The wells were installed in silty sand to

depths of 29, 35.5, and 30.5 ft., and screened the bottom 5-10 ft. of the

boring. Boring logs from previous investigations by Illinois EPA at the Area 9

landfill reveal that the site is underlain by a minimum of 7.5 feet of clay. The

silty day is reported to be upwards of 30 feet thick north of the landfill and 25

feet thick south of the site. Croundwater, at locations around the landfill, was

reported to be 2 to 24 feet below the surface during different time periods

(Gifford, 1984).
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36.2 Site Investigations

36.2.1 Phase I Site Investigations;

Nine compositing stations were established within the landfill area for

collection of soil samples. (See Figure 36-1). Samples were obtained

front one-foot intervals from the surface to a depth of 12 feet.

The exact boundaries of the landfill are unknown because

contaminants could have washed from elevated portions of the landfill onto

the lower surrounding area. To identify the extent of contaminant

transport from the landfill to surrounding areas, surface soil subsamples

were collected at 3-foo* intervals along each of six transect lines, two

each on the east, south and west side of the landfill as shown on Figure

36-1. The soil composites at each depth (top, mid, and bottom cores)

were analyzed for PCBs, indicator compounds and PCDD/PCDF screening.

A composite for each grid location (0-12 ft depth) was analyzed for the

full priority pollutants screen.
ii.iiui'

Crab sediment samples (0-1 ft depth) were also collected from six

locations along the intermittent creek adjacent to the landfill. The

sediments were screened for priority pollutants, metals, explosives, and

cyanide.

36.2.2 Phase II Site investigations:

Thirty surface soil samples were collected from the lowland area

northeast of the landfill. These samples were collected from a 5 sample

by 6 sample grid with grid points approximately 100 ft. apart. Twelve

sediment samples were also collected from the lake embayment downstream

(north) of the landfill. (See Figure 36-3). The soil and sediment

samples were analyzed for PCBs and lead. Five of these soils were

analyzed for full CLP organics also.
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Twenty-four surface and nine core soils collected in Phase I were

reanalyzed In Phase II for mercury, chromium, and lead. Mercury was

reanalyzed because the Phase I results were questionable due to QA/QC

deficiencies.

Three additional monitoring wells were installed during Phase II

(Figure 36-3). Well 32-63 was installed south of the landfill near well

COW-1, one of the three wells installed in 1983. COW-1 could not be

located. Further information describing the wells installed prior to the

Rt/FS is provided in Section 36-1. Wells 32-63 and 32-109 in Phase II

were installed in silty and silty clay soils to a (jepth of 15 feet and

screened from 10 to 15 feet. Well 32-109 was nested with well 32-110.

Well 32-110, an artesian well, was installed on top of bedrock at 82.5 feet

and screened within sandy soils from 77.5 to 82.5 feet. The five

monitoring wells (including the wells installed prior to this Rl) were

sampled and ground water samples were analyzed for full CLP organics.

metals, low level nitrosamines and cyanide.

In addition to the soil and water samples, several capacitor parts

were found either buried or partially buried along the drainage ditch

northeast of the Building Complex. The capacitor casings and contents

were analyzed for PCBs and lead, as were several soil samples collected

from the area where they were found.

36.2.3 Site Hydrogeological Characterization

36.2.3.1 Site Geology

Information obtained from the subsurface soil boring and well

installation program indicate that the site is underlain by approximately

77 feet of unconsolidated sediments overlying sandstone bedrock. The
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particular sequence of soil units encountered in the deep well No. 32-110

consisted of alternating coarse to fine sand and silty clay units 5-25 feet

thick. Similar to other sites, the bedrock was overlain by a sand layer.

This area contained, however, additional sand layers not found in other

sites. Since no other deep borings were drilled in this area, the lateral

extent of the sand layers is not known. Typical of the area, the bedrock

encountered at a depth of 77.5 feet consisted of a gray, medium grained,

sandstone with the upper 1-2 feet highly weathered.

36.2.3.2 Site Hydrogeology

Occurrence of Ground Water

Shallow ground water occurring beneath the site was located about

5-12 feet below ground surface in June 1987 within upper silty clay and

fine sand layers. Ground water levels were higher during the wet season

(Dec. 1986) by about 3-10 feet. Ground water in these units appears to

be unconfined similar to other areas investigated. Ground water

occurring within lower portions of the soil sequence on top of bedrock

was found to be confined and yielded a continuous flow at ground

surface of about 5 gal/min. Ground water within underlying bedrock was

not investigated.

Ground Water Flow Conditions

Ground water elevations from the shallow monitoring wells were

contoured and are presented on Figure 36-U. The ground water flow

direction exhibited in this figure indicates a flow to the northeast toward

Crab Orchard Lake. The hydraulic gradient of flow (i) during June

18-19, 1987 was about 0.015 ft/ft. The average hydraulic conductivity
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(k) was calculated to be about 0.56 ft/day from the five shallow

monitoring welts. The porosity (n) was estimated to be 0.35 (Davis and

Dewiest).

A calculation was then made of the average ground water flow

velocity (Vs) through the upper soil units. Using the formula given in

Section 4.2, the resultant velocity was calculated to be about 0.024

feet/day or 8.7 feet/year. The flow velocity is controlled by the

relatively low hydraulic gradient and hydraulic conductivity occurring in

this area.

An upward vertical flow potential was identified from the

unconsolidated aquifer screened by the deep well 32-110 into the upper

water table. This phenomenon indicates discharge of deep ground water

toward adjacent Crab Orchard Lake, similar to the shallow ground water.

36.3 Analytical Results (See Appendix I, Page 29)

36.3.1 Phase I Analytical Results;

Figure 36-1 presents the results of PCB analyses within the Area 9

landfill. The PCBs are generally present above the TSCA criterion of 50

mg/kg only on the surface (0-1 ft) except for the eastern edge of the

landfill area. PCBs above 50 mg/kg were observed at the 6 ft depth in

the northeast (grids no. 6 and 8). Grid number 7 was the only station

where soils contained PCBs above 50 mg/kg at the 12 ft depth. (See

Figure 36-1).

PCB levels in the soil samples from the transects on the north,

south and east sides of the fill area were above 50 mg/kg at the surface,

immediately adjacent .o the landfill but were below 50 mg/kg on the

adjacent transect on all sides. (See Figure 36-1). Sediments in the
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drainage channel upstream and downstream of the landfill contained wet

weight PCB concentrations of 0.86-1.6 mg/kg, and 0.8-11 mg/kg,

respectively, while PCBs were undetected (less than 0.5 pg/kg) for all

the 3 ft. and 6 ft. depths of the downstream sediments.

Lead concentrations ranged from 11 to 29 mg/kg in 0-3 ft. composite

sediments from the creeks around the landfill, and from 0.9 to 25 mg/kg

in the 0-12 ft. composite soil samples from the landfill that were analyzed

for lead. However, the metals concentrations reported are riot supported

by QA/QC (see Exhibit B). Selected Phase I grab soil samples which had

not been previously analyzed for lead were resubmitted during the Phase

II program for analysis of lead, mercury, and chromium. The reanalyses

were considered necessary due to the uncertainty inherent in the Phase I

analyses, and also to better quantify the levels present in the grabs at

specific depths. Nine out of 32 soil samples reanalyzed showed lead

concentrations outside the common range of 2-200 mg/kg in soils

(Lindsay, 1979). Figure 36-1 shows the lead concentrations for these 9

samples ranging from 205 to 8,570 mg/kg.

The remaining samples showed lead levels similar to the Refuge

control sites. Figure 36-1 shows the results for lead from the Phase II

reanalyses. Further discussions of the metals analyses are given in the

next section, Phase H Analytical Results. Full analyses of organic

priority pollutants were conducted on each of the nine boring composites

(0-12 ft depth). The concentrations of heavy metals and other

contaminants present in the composite samples from the landfill did not

differ significantly from those at the control sites.

The results for PCDD and PCDF isomers in soils are presented on

page 30A of Appendix I. A separate data listing is included to illustrate
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the actual dloxln/furan to PCB ratios compared to the ratios which would

tm expected based on the PCB concentration for that sample. The

purpose of calculating this ratio Is to determine if dioxins/dlbenzofurans

are elevated due to burning products of PCBs. If this were the case,

- then the dioxin/furan to PCB ratios would be higher than the expected
VI

normal ratios for PCBs. The Table lists a concentration for each peak

detected in the scan (Isomer No.) and a total concentration for each

compound. This total concentration was compared to the average PCB

concentration detected in the same sample to develop a ratio of PCDD or

PCDF to PCBs. An average PCB concentrations was used because the

analyses were conducted in duplicate (one reported by ETC Laboratories

and one reported by OBC Laboratories).

Based on studies conducted by T. Sawyer and S. Safe et.al.(1982,

1984, 1985) relative to PCB isomers and congeners, the expected fraction

of PCDD and PCDF isomers associated with a measured PCB concentration

can be calculated. The 'equivalent1 fraction of dioxins and furans is

determined by a conversion factor or Keq value. The Keq value is based

on 1.00E-05 for 2.3.7.8-TCDD.

The results for Area 9 Landfill showed positive detections above the

ratios which would be expected for TCDF, PCDF, and OCDD compounds.

TCDF levels ranged from 0.14 to 26.3 ug/kg in 7 out of 12 samples.

PCDF was detected in one sample at 0.34 ug/kg. OCDD levels ranged

between 0.6 and 20.6 ug/kg in 9 samples. There was no specific pattern

dlscernable in the distribution between dioxins and furans.
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36.3.2 Phase II Analytical Results

PCB concentrations in surface samples from the lowland area

downgradlent of the landfill were all below 5 mg/kg with the exception of

three of the thirty samples taken. These excursions were noted at

Locations 32-71, 32-92, and 32-94, with 21,8.1, and 18 mg/kg wet weight,

respectively. (See Figure 36-3).

PCB concentrations in sediment samples from the lake embayment

area near the landfill showed a maximum concentration of 4.09 mg/kg,

while all other lake sediments (locations 32-97 through 32-108) contained

PCB concentrations below 0.65 mg/kg. (See Figure 36-3).

The five ground water monitoring wells sampled during Phase II all

exhibited PCB concentrations below 0.045 ug/L. All downgradient ground

water concentrations (less than 0.005 to 0.037 ug/L) were less than the

upgradient concentration of 0.044 ug/L. There are no state or federal

standards for PCBs in water. However, PCBs in four of five monitoring

wells exceeded the Ambient Water Quality Criteria for human health. PCEJ

concentrations detected in ground water are likely associated with

suspended particulates in the well, since these compounds have a high

affinity for and adsorb tightly to the silty clay soils at the site. The

presence of PCBs in suspended solids in the wells may result from

contaminated surface sediment introduced during installation of the well,

natural fluctuations in water levels causing particulates from the upper

soil layers to be washed to the lower levels where the well is screened,

or by adsorption of soluble PCBs onto the suspended matter already

present in the well. Well 32-63 was found to contain 92 mg/t. of chromium,

which exceeds the Illinois Public Water Supply Standard and Federal V.CL

of 50 mg/L. However, the dissolved chromium concentration of 1.2

ug/L for this sample was within all applicable standards.
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Acetone and methylene chloride were detected but were also present

as contaminants in the QA/QC blanks. All other concentrations were

within these standards. Of the 30 Phase II soil samples from the low lying

*ar«a northeast of the landfill that were analyzed for lead, only one

sample (32-76) contained lead concentrations significantly in excess of the

concentrations detected at the control sites, with 5573 mg/kg (Se«

Location 32-76, Figure 36-3). AM other concentrations were well below

the background level of 200 mg/kg. The Phase I soils from the landfill

reanalyzed under Phase II generally contained concentrations within the

refuge background levels for chromium.

Mercury levels ranged from less than 0.023 to 0.035 mg/kg, which

are similar to the concentrations found at the control sites. Lead

concentrations in the landfill were above the typical range of 2-200 ppm

in soils (Lindsay, 1979) for nine out of 32 grab soils that were reanalyzed

in Phase II. The lead results for selected samples which ranged from 205

to 8,270 mg/kg are shown in Figure 36-1. The lead concentrations in the

remaining samples were similar to the levels detected at the control sites.

Only traces of organic compounds other than PCBs were detected at the

landfill.

Acetone, methyfene chloride, df-n-buthylphthafate and isophorone

were detected but these were also present in the QA/QC blanks. The

analytical results for the capacitors found at Area 9 showed positive

detections for PCB Aroclor 1254 for the cylindrical and square capacitors.

(See Page 30B of Appendix I). A composite of five smaller capacitors

tested positive for PCB Aroclor 1242. Some capacitors did not contain

detectable concentrations of PCBs. The soil samples collected from the

area where the capacitors were found also contained PCB Aroclor 1254 at
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concentrations between 1.100 and 88.000 mg/kg wet weight. The capacitor

casings were also analyzed for lead and were found to contain between

196 and 20.000 rag/kg wet weight of lead. The soil samples contained

Je»d ranging from 1,810 to 20.500 mg/kg wet weight (1.880 to 37.600

ing/kg dry weight).

36.4 Environmental Effects

36.1.1 Qualitative Assessment

36.4.1.1 Source Evaluation

The results of the site investigations, as described in the preceding

sections, determined that the Area 9 Landfill was used for disposal of

wastes arising from the manufacture of capacitors. A variety of waste

materials were disposed of at the site, including lead and PCBs. Most of

the wastes are situated on the western and northern boundaries of the

landfill. Runoff from the landfill can reach Crab Orchard Lake via

intermittent creeks. The results of the Phase I and Phase II

investigations indicate that PCBs are the major contaminants identified

within the landfill site itself, while lead was the principal contaminant

found in the lowland area below the landfill.

PCB levels were generaiiy highest in the northern and western

sectors of the landfill, with values in the 0 to 1 foot cores ranging from

2,100 mg/kg up to 13,000 mg/kg (Figure 36-1). Subsurface contaminant

levels were considerably lower. Sediments taken from intermittent creeks

draining the landfill showed low-level PCB contamination ( 0.8 to 11

mg/kg in six creeks sampled). Several soil samples from the landfill and

some off-site creek sediments reanalyzed in Phase II contained elevated
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levels of lead, ranging from 205 to 8,270 mg/kg, although no pattern of

contamination was evident.

Isomers of tetrachlorodibenzofurans (TCDF) ranging from 12 to 28

ug/kg were detected in three soil samples at this site. Detection of

potychlorinated dibenzo/dloxins (PCDDs) and poly chlorinated

dibenzofurans (PCDFs) present a cause for concern due to the wide range

of acute and chronic toxicity observed for one member of these classes;

2,3.7.8-tetrachloro- dibenzodioxin (2,3,7,8-TCDD). 2,3,7.8 - TCDD is

highly toxic under acute exposure, and produces a number of chronic

disorders including but not limited to immunotoxicity, teraogenicity and

reproductive toxicity, and It is a suspect human carcinogen. There are

very strict molecular requirements for production of toxic effects by

these chemicals at a biochemical level, due to required interactions with

receptor molecules in target tissues. 2,3,7,8-TCDD, and to a lesser

extent 2,3,7,8-TCDF appear to have the optimum spatial and electronic

requirements for toxic potential of all the isomers in these two classes of

chemicals. However, there is no evidence at present that 2,3,7,8-TCDF

or other Corners are carcinogenic in either animals or humans. Removal

of chlorine or substitution at other ring positions greatly diminishes

observed acute and chronic toxic effects relative to 2,3,7,8-TCDD.

Addition of chlorine to PCDDs and PCDFs also decreases toxicity. Thus.

a mixture of hexachlorodibenzodiozins was shown to be only a weak liver

carcinogen in rodents while octachloro-dibenzodiozin is non-carcinogenic.

In view of detection of a TCDD in only one site sample, lack of

information on the carcinogen}city of the TCDFs and on the isomeric

composition of the site TCDI and TCDF, quantitative risk estimates for

these site contaminants are inappropriate at present.
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Chromium was found in one groundwater sample in excess of Illinois

Public Water Supply Standards and the Federal MCL. However, the

dissolved chromium concentration for this sample was within all applicable

standards. Trace PCB concentrations below 0.045 ug/L were detected in
r

the ground water samples. Based on this analytical survey and the

non-threshold and threshold toxicity of these chemicals, PCBs and lead

were chosen to serve as site-indicator contaminants for the purpose of

this risk assessment. The physicochemical and toxicological properties of

PCBs and lead are summarized in Exhibit A. Both PCBs and lead adsorb

tightly to the silty and silty clay soils observed at this site (see Section

36.2). This property is the dominant factor determining the

environmental transport and fate of these compounds. The measured

soil hydraulic conductivity at this site ranges from 4.0 x 10 to 2.32 x

uf ft/sec. The transport of PCBs and lead are significantly retarded

by this type of soil.

36.4.1.2 Transport Route Evaluation

a) Air: Exposures to PCBs in the vapor state as a result of volatilization

from high residue levels in soil were discussed in Section 24.4.2.1,

and were determined to contribute approximately 8 percent of the

total airborne exposure. In addition, the existence of exposed soil

containing tightly adsorbed contaminants in some areas of the site,

dusts generated by wind erosion, or the activities of endemic wildlife

constitute a functional route for conveying PCBs and lead to

on/'off-site locations via the air route for subsequent, exposures by

receptors in those areas.
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b) Direct Contact: Due to the presence of site indicator contaminants in

exposed wastes, soils, and sediments in the area, exposures by the

direct contact route are possible.

c) Surface Water; One main creek northeast of the landfill serves to

drain the site and Crab Orchard Lake is 100 yards downgradient of

the landfill. Furthermore, sediment analyses from the creeks showed

the presence of both PCBs and lead. Therefore, the surface water

transport route is considered functional via precipitation-initiated

runoff events which convey soil- and sediment-bound site

contaminants towards Crab Orchard Lake.

d) Ground Water: Estimates of contaminant transport via groundwater

were prepared for PCBs and lead. Using the groundwater flow

velocity calculated in Section 36.2.3 (0.024 ft/day) and an average

PCB concentration of 0.020 ug/L for the three shallow downgradient

monitoring wells, a worst case estimate of 0.20 mg/day PCBs could

potentially reach the lake. This is based on a plume depth of 30 ft

and width of 500 ft, since, based on the analysis of one deep well

(32-110) which was screened at a depth below 30 ft., the lower

aquifer did not contain detectable contaminants. The same values

were used with an average dissolved lead concentration of 1.8 ug/L,

resulting in an average mass loading below 18 mg/day lead. However,

the actual loadings to the lake will be less than this value since

several interfering mechanisms take place between the well point and

the water discharge to the lake. PCBs and lead exhibit particularly

strong affinities for soil and suspended particulates, and would not

be expected to migrate significantly either vertically or horizontally.

A significant percentage of PCB residues, if these were actually
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present In ground water, will be removed by soils; dissolved iead

specie* may also precipitate by interaction with soil matter to reduce

the levels reaching the lake. Furthermore, the contaminants will be

diluted by several orders of magnitude upon reaching the lake, and
'

some persistent residue levels may adsorb to suspended solids in the

water column and eventually settle.

Based on the detection of minimal site contaminants in

groundwater, limited transport as demonstrated above, and no ground

water uses at this site, this exposure route is incomplete and will not

be considered further in the risk assessment.

36.4.1.3 Receptor Evaluation

Human

The Area 9 Landfill is situated in a non-populated area adjacent to

an industrial facility, and is fenced. Therefore, the only potential human

receptors would include facility employees, site trespassers possibly

including children, and (given the closeness of the site to Crab Orchard

Lake) occasional recreational users of the Refuge. The number of human

receptors is very low and exposure will be of a transient, non-chronic

nature. Specific scenarios for human exposure to site indicator

contaminants will be developed in the following sections. The transport

route evaluation identified three functional transport mechanisms: the air

route, the direct contact route, and the surface water transport route.

Exposures will generally occur only in the vicinity of the landfill, with

the possible exception of downgradient creeks and lowlands near the lake,

and consumption of fish taken from the lake. The following are the most

likely human exposure scenarios for the functional transport routes.
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a) Direct Contact; The most probable human exposure scenario would be

exposure to site Indicators via direct contact with surface residues

at the landfill and to sediments in the several intermittent creeks

- that drain the landfill. These exposures will be on a one time- ori.
very limited basis and of a short term nature. The small number of

Olin facility employees constitute one group of potential receptors.

Trespassers gaining access to the fenced landfill area or hikers

traversing contaminated creek sediments may also be exposed to

contaminants via direct contact. Although the landfill is generally

well vegetated, there are areas of exposed wastes and soils that could

serve as a potential source of exposure. The most likely mode of

entry of contaminants into the body would be incidental ingest ion of

soil-bound residues adhering to the skin, clothing, or shoes,

acquired by direct contact with exposed wastes.

b) Air Route: Dusts generated by wind erosion or foot traffic over

exposed waste areas constitute the major source and mechanism for

exposure via the air route since the site contaminants are soil-bound

and non-volatile. As with the direct contact pathway, the

receptors include facility employees and other passersby who may

breathe contaminated dusts while traversing the landfill. These

exposures will also be acute in nature.

c) Surface Water Route: Monitoring of sediments of intermittent creeks

draining the landfill indicate that low concentrations of site

contaminants have migrated from the landfill, presumably by surface

water runoff. The presence of PCB residues in sediments of Crab

Orchard Lake near the Area 9 Land flit site (Section 2.6.1) suggests

that transport of contaminants to the lake is occurring. Therefore.
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some degree of exposure is possible from the consumption of fish

taken from the vicinity of the source which have accumulated site

residues in edible tissues.

d) As presented in the preceding section, transport of site contaminants

to Crab Orchard Lake sediments presents a functional human

exposure pathway via ingestion of residues accumulated in fish.

Wildlife

Due to the industrial nature of this site, the diversity and

abundance of habitat may be relatively less than at other, less restricted

areas of the Refuge. Nevertheless, the vegetated landfill provides

adequate habitat for invertebrates and small vertebrates, and the nearness

of Crab Orchard Lake creates the opportunity for exposures to aquatic

populations. Occassionally, deer have been seen within the landfill area;

however, these animals have not shown any impact from PCBs or lead at

the site based on studies summarized in Section 2.7.

a] Direct Contact: Wildlife inhabiting the landfill such as invertebrates

and small burrowing rodents will receive both acute and chronic

direct contact exposures to site contaminants bound to soil dusts

during burrowing activities. Exposed waste areas present a functional

direct contact route exposure path for birds while feeding, ingesting

grit, and dusting. Subsequent ingestion of soil-bound residues while

preening or grooming is the principal means of entry into the body.

b) Air Route: Inhalation exposures of wJJdlife to dust-bound site

contaminants will follow the direct contact scenario described above.

Exposures to PCBs due to their volatilization from soils were

evaluated in Section 24.4.2.1, and also contribute to this exposure
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route, especially for small rodents which would be In intimate contact

with soils during extended periods (e.g. within a burrow).

c) Surface Water; Transport of site contaminants to Crab Orchard Lake

from the landfill via runoff of sediments creates a functional chronic

exposure pathway for aquatic organisms in the bay area of Crab

Orchard Lake. Exposures will be relatively greatest for benthic

invertebrates and bottom-feed ing fishes such as catfish.

d) Ingestion; Implied in all three wildlife exposure pathways discussed

above is the ingestion of site contaminants via soils, dusts,

sediments, and prey consumed in various activities. In addition,

herbivores may consume contaminated dusts on seeds and vegetation

and fish, birds (i.e. ducks, herons) and other aquatic organisms

may inadvertently ingest contaminant-bearing sediments while

• feeding. Site contaminants, especially PCBs, are prone to accumulate

in aquatic food chains, adding to the importance of the ingestion

route of exposure.

36.4.2 Quantitative Assessment

Because of the relatively greater magnitude of PCB residues at this

site compared to lead, and because of potential for non-threshold toxicity

presented, the quantitative assessment will focus primarily on PCBs as

the site contaminants of greatest concern. Exposure to lead residues will

be addressed due to the presence of lead in non-fenced areas of the site.
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36.4.2.T Estimates of Release and Exposure Rates

Estimates of Exposures by Direct Contact

Th« qualitative assessment for the Area 9 Landfill has determined

that direct contact represents a functional exposure pathway for humans
'

and wildlife. However, PCBs and lead are tightly bound to soils and

sediments, and are poorly absorbed through the skin. Therefore, dermal

absorption of contaminants is not expected. The scenario consists,

instead, of ingestion of bound residues picked up through direct contact

with soils and sediments. Therefore, the contribution of this route of

exposure will be addressed in the section below on ingestion exposures.

Estimates of Airborne Exposures

The qualitative portion of this assessment has established that the

air pathway represents a complete exposure route. The pathway consists

of breathing of contaminated dusts at the landfill site by occasional human

activities (visits by employees of the adjacent Olin facility,, trespassers,

etc.), and by burrowing and dusting activities of wildlife. The general

approach and assumptions used to estimate airborne human and wildlife

exposures is given in Section 24.4.2.1 of this report. Using this approach

for a four hour excursion by a facility employee or trespasser in a sector

of the landfill containing exposed wastes, and assuming a mean surface

PCS soil level of 3,200 mg/kg, a total exposure to PCB of 166 ug/day,

or 2.4 ug/kg body weight is obtained as an inhalation exposure rate.

Assuming three such visits to the site per year, a chronic inhalation rate

of 0.02 ug/kg/day is derived, (t should be realized that such a scenario

does not technically define a chronic exposure, and is essentially invalid

on lexicological grounds. However, regulatory agencies currently suggest

this approach to estimate the "worst case". The acute worst-case

inhalation exposure level of 2.4 ug/kg is far lower than would create any

concern for acute toxicity. Using a representative intermediate lead soil
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concentration of 4,000 ing/kg. a one day exposure of 3.0 ug/kg is

estimated under the same worst case conditions. The contribution of

Inhaled residues to total acute Intake is discussed in Section 36.4.2.2,.
*-» v i r.
"True chronic inhalation exposures are likely, however, for small burrowing

'*/*
mammals at the site. Using a breathing rate value of 0.006 m3/hour for a

-j'
30 g mouse (U.S. EPA 1985) and creation of a 10 mg/m3 dust containing

3,,200 mg/kg of PCBs during 1 hour of daily burrowing, a daily chronic

exposure of 6.4 ug/kg/day is obtained for inhalation of dusts. In addition,

although PCBs exhibit a low vapor pressure it will be assumed that at the

concentrations found in surface soils the air is saturated with PCB vapors.

This assumption would not likely hold at low levels of PCBs in soil due to

the adsorptive forces of these compounds with soil. Small rodents living

in burrow areas at the site would inhale these saturated vapors. The

assumptions used to derive an exposure level for PCB vapors were detailed

in Section 24.4.2.2. Applying a similar rationale for rodents living at the

Area 9 Landfill, mice might inhale 1.09 mg/kg/day if exposed to saturated

vapors during 16 hours inside a burrow. The total inhalation exposure

from PCBs is thus (1.09 + 0.0064) = 1.1 mg/kg/day.

Exposure to lead, on the other hand, would be mainly through

inhalation of dusts during burrowing. For lead concentrations in

soil/sediment at 4,000 mg/kg, the exposure rate would be 5.6 ug/kg/day.

The significance of these exposures is discussed later in Section 36.4.2.2.

Estimates of Ground Water Exposures

It has previously been determined that the ground water exposure

pathway is incomplete at the Area 9 Landfill and therefore will not be

considered quantitatively.
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Estimates of Surface Water Exposures

In view of a functional transport mechanism for conveying site

contaminants to Crab Orchard Lake via runoff events, th« surface water

.pathway is complete. The actual mechanism of exposure will be via

ingestion of contaminants accumulated from residues present in sediments

of a bay of the lake adjacent to the landfill. Therefore, exposures by this

route will be discussed in the following section on ingestion exposure.
»

Estimates of Ingestion Exposures

Ingestion exposure of site contaminants at the Area 9 Landfill and

contiguous sites has two components: ingestion of soil-bound residues

acquired by direct contact with waste materials, and bioconcentration and

foodchain accumulation of PCBs in a nearby bay of Crab Orchard Lake,

with potential exposures to humans and terrestrial wildlife consuming

contaminated aquatic organisms. The basic approach and assumptions used

to estimate human and wildlife exposures by direct contact and ingestion

of contaminated soils have been discussed in Section 24.4.2.1, the

quantitative assessment for the Job Corps site. Using the worst case

assumption that an individual ingests 100 mg of soil as a result of an

excursion into an exposed waste area of the Area 9 Landfill, and that the

mean surface leveJ of PCBs is 3,200 mg/kg, an ingestion rate of 4.6

ug/kg/visit is estimated for a 70 kg adult. Using the same assumptions

and a exposed surface soil lead concentration of 4,000 mg/kg, an acute

Ingestion of lead is estimated at 5.7 ug/kg/visit. Wildlife PCB Intake rates

from ingestion of contaminated soil at the site during feeding or

grooming are detailed in Section 36.4.2.2, Quantitative Assessment.

36-21



Estimates of intakes to piscivorous mammals such as mink and otter,

which could be exposed to residues of PCBs from ingestion of fish in the

area of the Area 9 Embay ment, are presented In Section 38.4,

Environmental Effects for Crab Orchard Lake. Exposures to fish-eating

birds (bald-eagle, osprey, duck) Is also addressed In Section 38.4.

Ingestion of residues found in the water of the Area 9 Embayment are

possible for terrestrial mammals. Water intake rates for such species will

be assumed to be 10 percent of body weight for hervibores and 30 percent

of body weight for carnivores. The PCB concentration in a water column

sample taken from the lake, just outside of the embayment was 19 ng/L

(ppt). Assuming this concentration is representative of the bay area

water, it is estimated that the three hervibores evaluated (mallard duck,

rabbit and mouse) each receive an exposure of 1.9 ng/kg/day.

36.1.2.2 Quantitative Risk Assessment

Human Risks

Human exposure at the Area 9 Landfill will be extremely limited. With

the installation of a chain link fence around the landfill in 1984, the

direct contact and airborne pathways described above may very well be

incomplete. Visits by Otin employees would be presumably authorized with

appropriate protective equipment used, and excursions by hunters and

hikers are eliminated. Only intentional trespassing onto the landfill would

provide a complete pathway. Human exposure estimates for airborne du-

st-bound PCB residues (2.4 ug/kg/day) and direct contact Ingestion of

soil-bound residues of PCBs (4.6 ug/kg/visit) provide a total estimate of

7.0 ug/kg/visit for this scenario. This intake is far lower than any that

would be cause for concern from acute PCB toxicity. Chronic PCB
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exposures are not possible for this site and it would be inappropriate to

derive estimates for such.

U.S. EPA (1987) developed a drinking water health advisory,,

however, for short term exposure to PCBs (Aroclor 1254) in drinking

water. Selecting a representative no observed adverse effect level of 1

nig/kg/day based on effects on liver weight in rats exposed for seven

days, an acceptable short term, 10 day, exposure level in humans of 0.7

mg/day, or 10 ug/kg/day for a 70 kg adult, was derived. Apportioning

the upper level acute exposure estimate for a trespasser within the Area 9

landfill over a period of 10 days, results in a daily intake of 0.26

ug/kg/day, a level within the short term acceptable exposure limit. This

estimated intake level assumes that a trespasser may be exposed as a

result of one excursion during this 10 day period, since, due to the

presence of a tall locked chain-link fence surrounding the property,

successive daily visits are not reasonably assumed at this site.

Similarly, for lead, exposure to surface soils containing 4000 mg/kg

by the ingestion and inhalation routes would produce a total acute intake

of 8.7 ug/kg/visit. In comparison, U.S. EPA (1980) established an

acceptable daily intake of 1.4 ug/kg/day for chronic lead ingestion in

drinking water. Therefore, acute lead exposures under worst case site

conditions would pose minimal risk.

An additional avenue for human exposures is consumption of fish

taken from the bay which connects with Crab Orchard Lake.

PCB-contaminated sediments provide a source for bioaccumulation of

residues. Associated risk levels due to consumption of fish from Crab

Orchard Lake are presented in Section 38.U, Environmental Effects for

Crab Orchard Lake.
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Restricting access to the landfill also reduces the potential for deer to

acquire site contaminant residues which could be ingested with venison.

Although deer have been seen at the landfill, previous studies (see Section

2.7) have shown no contamination In deer hunted In the vicinity of this

»ite.

Wildlife Risks

Estimates of total PCB intakes in receptor species of wildlife are

given below:

E»t1»ated Dally PCB Intake

Body
Speclet •eight

kg

Mallard 1.0

Rabbit 1.0

NOUM 0.03

Note: S*e Table 24-1, Section 24.4.2.2 for atsunptlons.

Inhalation Inge»t1on
Food Hater

(•g/kg/day) (ag/kg/day) (ng/kg/day)

NA 30.% 1.9

0.026 05.6 1.9

1.09 30.4 1.9

Total
Exposure
•g/kg/day

30.4

45.6

31.5

NA - not applicable
These estimates indicate that wildlife exposures to site-related PCB

residues may be greatest among small mammals on the landfill such as

rabbit, mice, chipmunks, and the like. These animals will be exposed

primarily via ingest!on of contaminated soil and vegetation dust while

burrowing, grooming, and feeding on dust-bearing seeds and

invertebrates. Given the broad range of demonstrated possible PCB

effects, the potential for interspecific sensitivity, and limited data on

effects of PCBs on wildlife species, it is difficult to gauge the

significance of these exposures. Using data from controlled tests with

laboratory strains of animals, intake levels as high as 21000 ug/kg/day

may not be sufficient to induce liver pathology, reproductive success,
«

teratogenic effects, or neoplasia (U.S. EPA 1980). However, *the



possibility for behavioural, Immunological, or other subtle effects at these

exposure levels which decrease competitiveness and survival in wild

species cannot be discounted. Also, assuming that ingested PCBs are

accumulated in these small mammals to some degree, a complete,
j. .

non-quantifiable exposure pathway may exist for small predators such as
ji'
skunks, weasels, and hawks which are able to gain access to the landfill

while hunting.

Lead exposure in small burrowing mammals and other terrestrial

wildlife may also present risks from chronic effects. For instance, using

the previous exposure scenarios and a 4,000 mg/kg lead soil content, a

chronic intake of 38 mg/kg/day is estimated for a mouse. These exposure

levels could very likely produce behavioural, reproductive and other

chronic effects if maintained at the assumed levels.

In contrast, exposure of aquatic wildlife or organisms feeding in the

lake bay adjoining the landfill appear to be low. Ingestion rates of PCBs

estimated to occur by consumption of contaminated fish by piscivorous

birds and mammals are discussed in Section 38.4. Adverse effects to

benthic organisms or species using PC B-contaminated sediments as a

spawning substrate are possible but cannot be predicted from available

data.

36.4.3 Analysis of Uncertainties

Among the areas of uncertainty in this analysis are the adequacy of

the analytical data base and the set of assumptions that were selected to

analyze human risk at the site. PCB analyses were sufficient to derive a

representative soil level for the exposure assessment. However, lead

content of site soil was extremely variable, with most sites showing only
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background values. In order to conservatively estimate potential risks, a

soil lead content of 4000 ing/kg was selected as representative, based on

a range of samples with elevated lead of 205 to 8270 mg/kg. Other as-

sumptions were also biased towards an upper bound worst case, in order

to be most protective of public health. Some of these include consideration

of trespassing across a chain link fence around the site, the presence of

significant amounts of exposed contaminated soil, and ingestion of very

large amounts of soil during these incursions. TCDF was not chosen as a

site indicator contaminant for analysis due to lack of information on

whether a toxic isomer of TCDF. such as the 2,3,7,8- isomer, was pre-

sent .

Further, there is no evidence at present that TCDF poses a

non-threshold carcinogenic risk comparable to PCBs, or that significant

amounts of TCDFs bound to soil cap be absorbed if ingested

(Paustenbach, 1986). If this situation should change in the future, a

revised risk assessment should be made.

Two other principal areas of uncertainty exist in addressing the

risks posed to wildlife by chronic exposure to PCBs at the landfill site. A

lack of documentation on the effects of PCBs on wildlife species which

might be found on the site necessitated the use of studies involving

laboratory rodents and rabbits as surrogates. The relative sensitivity of

these species is unknown. Similarly, the chronic effects of benthic aquatic

organisms to residue levels of PCBs found in the bay connecting with

Crab Orchard Lake are largely unknown. Virtually all controlled toxicity

assays are performed with toxicant in the water column only, which may

be inadequate to determine the risks to benthic organisms exposed to

contaminants in bottom sediments and interstitial waters.
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Two main problems with conducting assays with non-water soluble

contaminants are: 1)the water does not acquire a high enough

concentration of the contaminant to Indicate that there Jt a problem,

usually measured by mortality rates; and 2)bioassays are short term, 96

hours or less, and severe chronic impacts cannot be measured in this

short time span. Interstitial water spun off in a centrifuge is now being

used in bioassays to determine the toxicity of non-water soluble

contaminants.

36.5 Preliminary Remedial Alternatives

The sampling data and the risk assessment described in the previous

sections indicate the presence of contaminants in soil which will require

remediation. Contaminated areas containing PCB levels above 50 mg/kg are

have been highlighted in Figure 37-4 and include some soil pockets up to 12

feet depth in the landfill. The sediments in the lowland area northeast of the

landfill contained PCB levels below 5 mg/kg, with the exception of three

samples (see Figure 36-3). The samples collected from the lake embayment

adjacent to the site contained PCBs below 1 mg/kg with the exception of one

sample (4.09 mg/Kg) taken close to the shoreline. Remediation of the site

might address alternative measures for controlling potential leaching of

contaminants to surface runoff and lake waters.

The criterion for cleanup for PCB contamination in surface or drinking

waters,, grazing lands, and vegetable gardens is set by EPA on a site specific

basis and will be addressed in the FS. Based on the assumptions developed in

Section 36.4, the contaminant levels do not pose long-term risks to chronically

exposed wildlife or repetitive site visitors. It should be noted that these

long-term, repetitive exposures are highly unlikely for humans, since the site
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is somewhat isolated and site access is restricted by a tall fence and locked

gates. However, if this scenario were possible, it is estimated that the risk

levels to humans due to PCBs could b« 40 to 400 fold greater than would be

considered acceptable. Thus, reducing exposure to surface PCB levels In soil

to between 7 to 70 rag/kg will reduce risks to an acceptable range of 10 to

1C»~ for humans. This level is also 14 to 1.4 lower in magnitude than the no

observed effect level for protection of the most sensitive species of wildlife from

chronic effects (see Section 24.4.2.2). Exposures to wildlife under an example

cleanup level of 50 mg/kg PCBs were presented in Section 24.5.

Other contaminants detected in the soils above the levels for Refuge

background include lead and mercury; however, remediation of the site for

PCBs will also include those areas contaminated with lead or mercury. The

ground water samples contained traces of PCBs below 0.045 ug/L. Total

chromium in one well sample exceeded the standard but the corresponding

dissolved concentration was below the standard. Some alternatives for

remediation of contaminated Lake water in the embayment area adjacent to the

Landfill might also be addressed as part of the remedial efforts for this site.

Lake samples offshore from the Area 9 embayment (see Section 38) contained

PCBs in the range of 0.008 to 0.019 ug/L in water columns and up to 77 ug/kg

in sediment samples; however, only one water sample exceeded the ambient

water criteria for aquatic life protection of 0.014 ug/L (24-hour average). All

water samples were below the AWQC acute toxicity level of 2.0 ug/L for

protection of aquatic life.

A summary of the potential remedial response actions and associated

technologies for this site is presented in Table 2 of the Executive Summary.

Remedial measures including excavation, capping, r eg fading, revegetating, and
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surface water diversion wilt be evaluated In the FS for this site. A brief

discussion of the potential responses is included below.

Limited Site Access

Currently the site is enclosed by a tall fence which remains locked

at all times. Access to the site is further limited by a locked gate at the

entrance of the access road to the Landfill. Continued site access

limitations will greatly reduce the potential for human and/or wildlife

exposure via the water or direct contact with soils/sediments. The site

may require site use limitation until all contaminated materials have been

removed or adequately contained.

Surface Water Control

Dikes or trenches for diversion of surface runoff could be

constructed in the lowland area and around the landfill to preclude

contamination of lake waters.

Removal or Containment of Soil and Sediment

Contaminated soil might be excavated and removed for treatment

on-site or off-site or regraded and contained on-site in a secure landfill.

Based on the sampling results from this Rl, dependent on depth of

contamination, soil to a depth of 6 or 12 ft may require removal or

containment. Containment or removal of selected sediments will reduce the

potential for surface and ground water contamination. Clean fill will be

us-ed for regrading and capping. Several abandoned munitions storage

bunkers on the Refuge could be used as industrial cells if retrofitted for

containment of treated wastes.
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On-SlU or Off-Site Treatment

Technologies such as Incineration, vitrification, solidification or

fixation should be considered for PCB contaminated soils. * ^-
*

K

Monitoring

The remedial response might include periodic sampling and analyses of

soil/sediments and of five site monitoring wells for chromium (waters only),

lead and PCBs. Follow-up studies might begin immediately after

remediation to verify the adequacy of the cleanup.

36.6 Conclusions and Recommendations

It can be concluded that the Area 9 Landfill Site is impacted, with the

primary pollutants being PCBs, lead, and mercury. Exposure to the site has

been minimized by a chain-link fence. It is recommended that remedial

alternatives for this site be evaluated in the FS. Potentially applicable remedial

measures include removal or containment of contaminated soil and sediments, as

well as ground water and surface water monitoring.
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SECTION 37 - SITE 33. AREA 9 BUILDING COMPLEX

' 37.1 Sits Description

Further information on Area 9 can be found in Section 36.1. Site 33
' *"*£" •consists of the Area 9 Building Complex currently occupied by Olin Corporation
•>••

and used primarily for the manufacture of explosives. (See Figure 37.1).

From 1946 to 1962, Site 33 was occupied by Sangamo Weston, Inc., Capacitor

Division to manufacture power factor capacitors, AC motor run capacitors, and

a variety of DC capacitors.

The components utilized by Sangamo in its operations were of various

types and included aluminum, electrolytes, mica, and silver and lead foil. The

Division also manufactured small transformers that used mineral oil as a

dielectric. Subsequently, Olin Corporation has been using the industrial

facilities at the site to manufacture explosives.

Previous soil investigations at Area 9 include one study conducted by

Erwirodyne Engineers for the Olin Corporation in 198U. The focus of that

study was to identify the extent of PCB contamination in soil. The analytical

results (PCB analyses) a~e presented in Figure 37-1. The soil samples collected

adjacent to Buildings 1-1-23 and 1-1-2 contained PCB levels above 50 mg/kg wet

weight. Some isolated samples collected along the sides of the access road to

the Area 9 Landfill also contained elevated PCB concentrations.

37.2 Site Investigations

37.2.1 Phase I Site Investigations:

The objective of the Phase I soi ;mpling was to define the horizontal

and vertical limits of contamination. The sampling locations were selected

based on data from previous investigations for Olin Corporation and
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Included, drainage pathways (located from aerial photographs), locations in

close proximity to buildings, and transportation routes used to dispose of

solid wastes. A total of 188 individual soil samples were collected,

/Including surface, 0-1 ft., 1-2 ft., and 2-3 ft. depths. These samples

represented 102 distinct locations within the Complex. (See Figure 37-2).

37.2.2 Phase II Site Investigations:

Additional soil samples were collected from 61 new locations and at

greater depths (up to 6 ft.) for selected Phase I locations. Phase II was

performed to more clearly define the extent of contamination. These

samples were collected adjacent to contaminated areas identified in Phase

I, at deeper locations, or from areas downgradient of Phase I samples,

and also from several drainage ditches to trace the extent of migration.

(See Figure 37-3). The soil samples were analyzed for PCBs; in

addition, three of these soils were analyzed for the full list of priority

pollutants. Three ground water monitoring wells were installed and

sampled. These wells were installed to depths between 14 and 20 feet

within silt and fine sand soils and were screened at the lower five feet of

the boring. The ground water samples were analyzed for the full list of

CLP organics, nitrosoammes, explosives, metals, and cyanide.

37.2.3 Site Hydrogeologic Characterization

37.2.3.1 Site Geology

Information obtained from the subsurface soil boring and wel

installation program indicates that the site is immediately underlain by

silty clay at least 25 feet thick. Since deeper well installations were not

performed at this site, it is not possible to describe with any degree of
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certainty the soft types and thicknesses occurring beneath the silty day.

However, Information from nearby Site 36 (Area f Landfill) indicates that

«h* sand layeVs occurring there may continue beneath this »Jte. Similarly,
"-*V ; • " *--•- *

) bedrock was hot encountered during drilling at this site,

"•extrapolation of that surface between known data points on 'hydrogeologic
"&•'••

cross-section A - A1 (Figure 4-2) indicates bedrock may occur at a depth

of 70 feet.

37.2.3.2 Site Hydrogeology

Occurrence of Ground Water

Ground water occurring within the three site wells which screen the

shallow ground water table indicate an upper water table occurs about 6

to 14 feet below ground surface. Ground water elevation data collected in

June 1986 indicates a higher water table of 5 to 8 feet occured during thai:

period. Since no deeper wells were installed at this site, the nature of

the ground water occurring in deeper portions of the unconsolidated

sequence could not be evaluated.

Ground Water Flow Conditions

Ground water elevations octained from the site wells on June 18-19,,

1987 were contoured and are shown on Figure 36-4. Ground water flow

directions interpreted from the figure Indicate flow to occur both

northeast and southwest off of a divide located near the southeastern

end of the Ofhv Complex. The reason for" the reversal of ground water

fkm to the southwest is most ttkely the presence of a shallow Intermittent

stream and swale located in this area. Surface water receives ground
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water discharge from. tb*^ southwestern portion of the site, then flows

north IntojCrab Orchard Lafce«cr .:. ,,„.. ,. ... . . . . . . .

w§Urr fkm,uvej<x^0 ĵbe, .northeast *recijp ,̂toward Crab

Lake was calculated far, this sit*. 44o velocity^Kubtjons could
v . •••••*
made to the southwest due to limited data points. The hydraulic

gradient (I) to the northeast averaged about 1.011 ft/ft. The average

hydraulic conductivity (K) from wells 33-341 and 33-342 was calculated to

be 1.3 x 10 ft/sec, or 1.12 ft/day. Porosity was assumed to be about

0.035 ft/day, or 12.8 ft/year, from data collected in June 1987.

37.3 Analytical Results (See Appendix I. Page 30)

37.3.1 Phase I Analytical Results:

Figure 37-2 shows the sampling locations and detected PCB levels in

soils. The results supported the findings of Olin Corporation, in which

the most significant locations for PCB contamination are adjacent to

......... ' Buildings 1-1-2 and 1-1-23 where PCB concentrations exceeded 1,500

mg/kg. The results also identified two drainage ditches where

contaminated storm runoff or spills have caused PCB migration from the

site. Apparently, these drainage routes receive runoff water from areas

surrounding Buildings 1-1-2 and 1-1-23.

A third drainage ditch originating in the Complex which passes east

of the landfill and discharges to Crab Orchard Lake did not show

T evidence of contamination (PCB concentrations below 1 mg/kg}. The old

roadway access from the Building Complex to the land fltl showed only

isolated sampling locations where PCB concentrations exceeded 25 mg/kg.

The locations where PCB levels exceeded 25 mg/kg were limited to the

surface and/or upper 1 ft. of 941 near the landfill access.
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--•1- *•••• TN, aott f collected along the west fee* of Building 1-1-23 ranged

trbm 4tlt.fr~liO.000 mg/kg wet weight PCBs at the surface. Three soil

within 30 ft. of the building contained eJevatjed PCS levels
* ' • ^SBS!

* *4f 3 ft'. ' PCB concentrations In most samples cotWTed from the-, *^ .-
further from the building exceeded 50 mg/kg at the surface (0-1

ft.), but were below that criterion In the subsurface (1-3 ft. depth)

samples.- - Two surface (0-1 ft depth) samples collected away- from the

building along the drainage ditch to the north contained PCB

concentrations of 1200 and 1300 mg/kg wet weight.

The extent of PCB contamination (above 50 mg/kg wet weight) in the

vicinity of Building 1-1-2 was, for the most part, limited to the immediate

areas surrounding the building and up to the access road. Some grab

samples collected from either side of the access road and one collected

close to a drainage route toward the lake also contained PCB

concentrations that exceeded 50 mg/kg. Four soil cores collected at a

depth of 3 ft. contained PCB concentrations in excess of 50 mg/kg also.

1 The results for PCDO and PCDF isomers in soils are presented on

page 30A of Appendix I. A separate data listing is included to illustrate

'the comparison of actual dloxin/furan to PCB ratios compared to the ratios

which would be expected based on the corresponding PCB concentration

for that sample. The purpose of calculating this ratio is to determine if

dloxins/dlbenzofurans are elevated due to burning products of PCBs. If

this were the case, then the dloxin/furan to PCB ratios would be higher

than the expected normal ratios for PCBs. The Table lists a concentration
.. • *s^ .£.

for each peak detected m me scan (isonwr rk>.) «.HJ • u*ial concentration

for each compound. This total concentration was compared to the average

PCB concentration detected in the same sample to develop a ratio of PCDD

?"• " * - • • '
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or PCDF to PCBj. An average PCB concentration was used because the

analyses were conducted In duplicate (one reported by ETC Laboratories

and one reported by OBC Laboratories). . ^

Based on studies conducted by T. Sawyer and S. Safe et.al.(1982,

Tl9J4, 1985) relative to PCB isomers and congeners, the expected fraction

of PCDD and PCDF isomers associated with a measured PCB concentration

can be calculated. The 'equivalent1 fraction of dioxins and furans is

determined by a conversion factor or Keq value. The Keq value is

derived based on 1.00E-05 for 2.3,7,8-TCDD.

The results for Area 9 Building Complex showed positive detections

above the ratios which would be expected for the sample collected in front

of Building 1-1-23. The dibenzofuran isomers ranged from 28 to 249

ug/kg; the highest concentrations were associated with HxCDF (249

ug/kg). and PCDF (158 ug/kg), whereas the more toxic TCDF was

detected at 28 ug/kg. The dioxins ranged from less than 0.11 for TCDD

to 169 ug/kg for OCDD. The other soils contained traces of OCDD (6.2

to 9.7 ug/kg), and PCDF (less than 0.08 to 0.17 ug/kg) above the

detection levels.

Four soil samples (0-1 ft. depth) screened for full priority pollutants

did not contain any other organics at concentrations above the detection

limits. However, the volatile and semi-volatile organic data for Phase 1

are questionable due to QA/QC deficiencies or unreliable support data

,. (See Exhibit B); some compounds which were not detected may in fact be
.v

.̂present. _ ..,,
: All measured concentrations for metals were similar to those detected

at the control sites. The metals screening data are included in the data

listing as estimated values.
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PHast 41 Analytical Results^ n*.

nd'water samples were .collected at the Building Complex.

,, adjacentwer* detected at concentrations oC 0.093 ug/L_.XWell
• " * • . ' • • • -~- •- • ' _" • • v- i:

lufkflng 1-1-23), f.11* ug/k (1«« 33-34U downgradlenl from Building
1 • ^

, and 0.006 ug/L (Well 33-342, <*vthe opposite, end of the Complex,

to Building 1-1-28). These concentrations exceed the .Ambient Water

Quality Criteria for human health*. In.addition, wells 33-340 and 33-341

contained concentrations of chromium (113 ug/L and 50.0 ug/L

respectively that exceeded the Illinois Public Water Supply Standards and

Federal MCLs. However, the dissolved chromium levels below 1.3 and 1

ug/L for wells 33-340 and 33-341 respectively, were below the standards.

Traces of volatile organics were also detected in Well 33-341,

including t-1,2-dichloroethene (404 ug/L) and trichloroethene (906 ug/L).

The detected concentration of trichloroethene exceeded the AWQC of 18.4

ug/L for protection of human health. All other ground water parameters

were below regulatory standards.

Three soils from the Phase II sampling were analyzed for full CLP

organics and metals. Some organics (other than PCBs) were detected,

including 1,2.*-trichk>robenzene 123,500 ug/kg in Sample 33-222). and

2-chloronaphthalene (6820 rag/kg in sample 33-270). Metal concentrations

were generally within the ranges found at the control sites with the

exception of one soil sample which contained 1400 ug/kg mercury (sample

4)3*291 at s-J ft. depth). Mercury was not elevated in the other soils

ftyzed for metals/ . =>:'-.• . i. • " • • * . •

The detected PCB concentrations supported the findings from Phase

I and provided the necessary data to better define ihe areas of

contamination. (See wet weight PCB concentrations in Figure 37-3). The
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results showed contamination along the two drainage paths from Buildings

1-1-23 ar3?'Nl-2. Some samples contained levels above 50 mg/kg wet

r^w*Hjht up-toj feet depth, but PCB concentrations were je^beiow that

fcvtl IK samples collected at further distances from the ttfldfngs'. Core
0*.
and surface sediment samples along the northeast drainage route
.' *
downstream from Building 1-1-2 were taken up to where the creek enters

Crab Orchard Lake. The last soil core (location 1(0) did not contain

detectable PCBs to 1 mg/kg, from a high 4,100 mg/kg wet weight at the

surface of the first soil core from the drainage path.

Soil cores to 3-ft. depths and surface samples were also taken from

the drainage route from Building 1-1-23. The PCB levels along this

drainage ditch ranged from 4,780 mg/kg to below 1 mg/kg wet weight. In

addition, the surface sediments collected from the Area 9 embayment as

part of Site 32 provided characterization for the area where the creeks

entered the lake. Most sediments from the embayment contained PCB

levels below 5 mg/kg wet weight, with the exception of two samples close

Ho the lake boundary which contained 6.1 and 18 mg/kg PCBs. Figure

37-3 shows the sampling locations and the PCB concentrations along the

ditches for the Building Complex. Soil cores collected from the lawn in

front of Building 1-1-23 supported the Phase I findings and showed that

PCB levels were elevated (n the Immediate vicinity of the building up to a

depth of ( ft,

The area around Building 1-1-23 Is currently enclosed with a tall

chain link fence. In addition, the immediate vicinity of the Building is
•V ''

roped off. The contaminated area is not mowed therefor* the grass is tall

and thick. PCB concentrations were well below SO mgAkg in the sail

siimples (up to 3 foot depth) collected .from the lawn area about 100 ft
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from the building. Similarly, soil cores from th« 3 ft. and 6 ft. depths

adjacent to the concrete pad outside of Building 1-1-2 contained PCB

levels that exceeded 50 ing/ kg wet weight. The cores collected further
'" ' -Y>i4-%

the building exhibited high PCB levels only at the 0-Vft; depths.
•»

wet weight PCB concentrations In Figures 37-3 and 37-4.

37.4 Environmental Effects

37.4.1 Qualitative Assessment

37.4.1.1 Source Evaluation

The results of the site investigations, as described in the preceding

sections, determined that the Area 9 Building Complex has been used in

the manufacture of capacitors, and explosives. Soil analyses of the site

have shown the presence of several materials including PCBs,

trichlorobenzene and chloronaphthalene. Three soil samples at the site

contained tetrachlorodibenzofuran (TCDF), isomers unspecified, ranging

from 0.14 ug/kg to 26.3 ug/kg. An unspecified isomer of

tatrachlorodibenrodioxin (TCOO) was detected in one of these samples at

0.09 ug/kg. Trichloroethene, PCBs and t-1 ,2-dichloroethene were

detected in site ground water at levels up to 906 ug/L, 0.114 ug/L. and

404 ug/L, respectively. No other contaminants in excess of Illinois

General Use Water Supply Standards were found or any other water

criteria or standards.

The areas contaminated with PCBs at concentrations above SO mg/kg

~ art identified in Figure 37-4. The total area has been estimated to be

approximately 13 acres. The principal areas involved are immediately
"S

adjacent to Buildings 1-1-23 and 1-1-2. and two drainage paths leading

from them (Figure 37-4).
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SECTION 38 - SITE 34, CRAB ORCHARD LAKE

3H.1 Site Description

^Slte 34 Is comprised of Crab Orchard Lake (See Figure 38-1), which was

formed in 1940 by construction of a spillway across Crab Orchard Creek. The

lake has a surface area of 6,965 acres, a maximum depth of 30 feet, and 72,525

acre-feet of storage capacity. The retention time Is 0.8 years (Kelly and Hite,

1981).

Water enters the lake through several creeks, including the Crab Orchard

Creek at the eastern end of the lake. Water exits the lake through the

spillway at the western end and through use of 280,000 gpd by the Refuge.

The eastern section of the lake has been bordered by manufacturing

operations since the 19aOs. Additional background on the site can be found in

the introductory sections of this report. Previous investigations for water and

sediments of Crab Orchard Lake are described in Section 2.6.

38.2 Site Investigations

38.2.1 Phase I Investigations:

Five water samples from current or potential drinking water sources

were collected:

1. The Crab Orchard Refuge Treatment Plant Intake sample was

collected at the intake structure under the grating and labeled

as "Refuge Intake11. The nearby Tederal Penitentiary also

derives its water supply from the Refuge water treatment plant,.

2. The City of Marion WTP Intake sample at Marlon Reservoir was

taken by the dam at the intake structure and labeled as "Marion

Intake11.
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3. . Tha Marion Reservoir Auxiliary Intake sample at Crab Orchard

Lake was taken from the lake prior to the intake structure; it is

referred to as the "Marion Reservoir Intake.* • jhgfr-
•. 7^^^^ -̂

». The Refuge Rnlshed Water sample was taken from the tap at the
«.' ' '

Refuge Fire Station and labeled "Refuge Treated" (also treated

supply for Penitentiary).

5. The Marlon Rnished Water was sampled from the city water tap,

and was labeled "Marion Treated".

These samples were analyzed for drinking water quality parameters

and PCBs. The Marlon Reservoir Auxiliary Intake has historically been

used only once or twice within the last fifteen years, as stated in Section

2.5. According to the City Engineer, the City of Marion currently uses

Herrin Lake as a backup supply, rather than Crab Orchard Lake. Crab

Orchard Lake will no longer be used to supplement the Marion Reservoir

except as a last alternative. It is thus not a current drinking water

source, but a potential drinking water source.

Thirty fish composite samples were collected from Crab Orchard Lake

including bass, carp, bullhead, and catfish species. Fish samples

consisted of single species composites of the edible tissue portions of two

to five fish. The fish sampling Vocations are shown on Figure 38-3. The

analyses of the fish samples were performed as part of the Phase II inves-

tigation .

39.2.1 Phase II Site Investigations:

The five current or potential public water sources were resampled and

analyzed for nitrosamines. PCBs, metals and cyanide. Ten composite water

columns were collected from the lake at .three depths (see locations in
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Rgure 31-2): at the surface, 'mid-depth, and near the bottom. These

samples were analyzed for cadmium, chromium, lead, arsenic, cyanide,

PCBs, and low-level nltrosatnlnes. Ten grab sediment samples were

collected and analyzed for semi-volatiles, pesticides, PCBs. metals, and
-*_

cyanide. Thirty (30) fish composite samples collected in Phase I were an-

alyzed during the Phase II investigations for pesticides, PCBs, lead,

mercury and cadmium. Each composite consisted of two to five individual

fish of a particular species, including composites of bass, bullhead, carp,

and catfish. The analytical procedures were performed on a homogenized

composite of the edible tissues for each sample point. Specific procedures

for filleting (skin-on, skin-off), blending, and digesting were detailed in

Addendum No. 3 to the QAPP, March. 1987.

38.3 Analytical Results (See Appendix I, Page 32)

38.3.1 Phase I Analytical Results:

i ,„„„/ All the concentrations of detected contaminants in the current or

potential water supply samples were below the Illinois Public Water Supply

Standards and Federal drinking water standards with the exception of two

samples which exceeded the Federal MCL of 0.05 mg/L for manganese. It

should be noted that the water standard for manganese is established

based on aesthetic concerns of taste, or odor; thus, exceedance of this

standard does not constitute a health concern. These samples represented

the Marion intake (0.09 mg/L) and the Refuge treated water (0.28 mg/L).

As shown in Exhibit B, the Phase I metals analyses are questionable

because of QA/QC deficiencies. The City Marion treated water contained

concentrations of bromodichloromethane [M ug/L) and chloroform (180

ug/L) which exceeded the Federal MCL of 100 ug/L for total
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trihalomethanes for the Refuge Treated Water Supply slightly exceeded the

federal Drinking Water MCL of 100 ug/L. These compounds are likely

air a result of chlorination. Corrective measures have been taken
^VtJ

*'—• the Refuge Water Treatment Plant to reduce levels of trihalomethanes.

_ Acetone, methylene chloride and isophorone were also detected but were
v*

also present in the method blanks. Cyanide levels (0.09 tng/L but not

detected in the duplicate) in the sample from the City of Marion treated

supply were above the Illinois General Use and Public Water Supply stan-

dards, but below the lifetime health advisory of 154 ug/L for cyanide in

drinking water.

Three lake waters contained low parts per trillion levels of PCBs.

Locations 1B, 2C, and 6D (Samples 34-6, 7, 11) contained 0.008, 0.019

and 6.009 ug/L respectively; but only sample 34-7 at location 2C exceeded

the chronic AWQC of 0.014 ug/L for protection of aquatic life. PCBs were

f not detected in any of the other lake water samples (detection limit 0.005

-, ^ (>/ ug/L). (See Figure 38-2.) Traces of arsenic (2.0 to 3.4 ug/L).

•| chromium (1 to 7 ug/L) and lead (1.2 to 9.2 ug/L) were detected, but

; only arsenic exceeded the human health AWQC of 0.0022 ug/L. The
tm
]• cyanide concentration (0.79 mg/L) exceeded the Illinois standards and the
I

AWQC criterion in one water sample (Location IB or No. 34-6); cyanide

was undetected in all other samples at a detection level of 0.05 mg/L.

Likewise, in one water sample (Location 10J, No. 34-15), the mercury

concentration (0.4 ug/L) exceeded the ambient water quality standard for

'""human health (0.144 ug/L). Sediment analyses indicated the presence of

trace quantities of base/neutral/acid compounds. DJ-n-butyl phthalate was

detected in all ten sediments, ranging from 1,000 - 2,2*0 ug/kg wet

weight; however, this compound was also detected in the QA/QC blanks.
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1 trihalomethanes. The formation of these compounds can be attributed to

| ch lor I nation from the disinfection of drinking water supplies and is not

} Indicative of off-site contamination sources. The City of Marion has
1 1 1 X

; """" Instituted modifications to the treatment process and is now in full

- compliance for trihalomethanes, according to Illinois EPA's drinking water

group. However, the volatile and semi-volatile organics data for Phase I

are questionable due to QA/QC deficiencies or unreliable support data.

(See Exhibit B). The positive detections reported are thus estimated

values and some compounds which were not detected may in fact be

present.

38.3.2 Phase II Analytical Results:

The water samples collected from Crab Orchard Lake and from various

raw and treated water supplies or potential water supplies were compared

to the Illinois and Federal drinking water standards. Raw water supplies

, were also compared to the Ambient Water Quality criteria.
I i i ' i K '

Two raw water supplies (Refuge Intake and Marion Reservoir

Auxiliary Intake) contained trace amounts of methylene chloride (24 and 6

ug/L), barium (36 and 33 ug/L). and lead (4 .8 and 8.5 ug/L). The

detected concentrations for barium and lead are typical of raw surface

water supplies, and are within the reJevant standards. PCB

concentrations were below the detection level of 0.005 ug/L in alt of the

current or potential drinking water samples. Methylene chloride, though

detected, was also detected in the blank samples and may be a result of

sample or laboratory handling. The treated water samples (Refuge treated

water and City of Marion treated water) contained bromodichloromethane

(11 and U ug/L respectively), and chloroform (94 and 35 ug/L). Total
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Bis (2-ethylhexyl) phthalate was detected at 750 ug/kg in sample location

I8F, No. 34-23. The lake control sample collected from the west end by

tta spfftway daw (location flOJv No. 34-25), remote from any industrial

areas of the Refuge, also contained phthalates (480 ug/kg wet weight),

"~* pyrene (450 ug/kg wet weight), and fluoranthene (510 ug/kg wet weight).
* '
| PCB concentrations were below the 40 ug/kg wet weight detection

i limit in all but two sediment samples (See Figure 38-1). Sample location

I2C (No. 34-17) collected near the Area 9 Landfill area contained a PCB

. concentration of 248 ug/kg (291 ug/kg duplicate); while sample location

IIB (No. 34-16) contained 104 ug/kg PCBs. Arsenic was detected in all

ten sediments at concentrations ranging from 9.7 to 24 mg/kg, but

duplicates and recoveries were outside control limits for these analyses.

All other compounds analyzed were below the detection limits. The field

data for the fish samples is presented as Table 38-1 arid includes the

weight and size for each fish sample collected. The analytical results for

.,„„... pesticides/PCBs, cadmium, mercury, and lead are presented in Table 38-2.

Figure 38-3 shows the sampling locations and PCB results. Most

parameters were below the detection levels, but concentrations of Aroclor

1254 ranged from below 0.4 to 6.4 mg/kg wet weight. Two carp samples,

34-29 and 34-30 from location I2C, contained 6.1 and 3.0 mg/kg PCBs

respectively (3.9 and 4.4 mg/kg when re-analyzed); these concentrations

are above the FDA action level of 2.0 mg/kg for PCBs. It should be noted

< that FWS conducted a split sample analysis for sample 34-29 and obtained a

; result of 1.2 mg/kg PCB wet weight, which is below the FDA action level,

and is significantly below the earlier results for this sample. Fish sample

3U-27 from location flB contained 1.C5 mg/kg wet weight of mercury. This

concentration is only slightly above the FDA action level of 1.0 mg/kg.
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TABLE 35 1

FIELD DATA FOR FISH COMPOSITE SAMPLES

UMPJ !.!
NO. |

436 34-
439 34-
440 34'
440 34-
460 34*
461 54-
442 34*
441 34-
441 34-
442 34>
443 34-
443 34-
444 34-
443 34-
444 34-
445 34-
4U 34<

34-
444 34-
4̂47 34-
447 34-

34-
448 34-
449 34-
472 34-
473 34*
471 34-
450 34-
451 34-
452 34-
452 34-
453 34-
468 34-
469 34-
470 34-

». |LA6 •«!

1 1

24 19170
27 19171
18 19172
46 19192

49 19193
SO 19194
29 19173

30 19174
31 19175
91 19195
52 19194
53 191*7
32 19174
33 191T7
34 19176

14 19198
SS 19199
35 19179

34 19180
37 19181
39 19200
40 19201
41 19202
36 19162
19 19163
40 19184

41 19185
56 19203
57 19204
58 1920S

MJP/fMTf

FVS

DUP

FUS
OUP

FVS
DUP

DUP

DUP
, .

FVB

DUP .

FVS

OUP

DUP

DUP

FWS
DUP

DUP

j *»£C!£S

1

CMP
BASS
BASS

4UUNEAO
BULLHEAD
BULLHEAD
CATFISH
CMP
CMP
CMP
BASS

BULLHEAD
•ULLNEAO
CATFISH
CMP
CMP
•ASS

•

•ULLNEAO
BULLHEAD
CARP
CMP
BASS
BASS

•UUNEAO
BULLHEAD
CATFISH
CARP
CARP
BASS
BASS
•ASS

BULLHEAD
•UlLHEAO

CATFISH

j WE1CHT {

1 •••'• 1

3
' 1- 1/2
2- 1/4
0- 1/4
0- ',9

0- 1/4
9
2- 1/6
1- 3/4
2- 5/6
1-13/16
0- 9/8
0- 3/16
9
2- 1/4
1- 7/16
2- 7/8

0- 3/16
0- 9/16
3- 7/8
2- 1/8
0- 3/4
0-15/14
0- 7/8
0- 5/8
1- 3/4
2- 7/8
2
0- 3/4
5- 1/16
1- 3/4
0- 1/4
0- 1/4
2- 5/8

IEWT" j
IHCHES |

1
18- 3/8)
13- 7/6|
15- 1/2|
8 I
9 I
a- i/2|
12 1
17- 1/4 |
15- 1/8J
16- 1/8J
15- 1/8|
10- 3/4 |
6- 1/2 |
28- 7/8 |
14- 7/8 |
14- 5/8J
17- 1/8 j

1
6- 1/2 |
10- i/ej
20- 1/8)
15- 1/4 j
11- 1/8 |
11- 5/8|
11- V2|
10- 5/8 1
13- 7/8|
17- 5/8 |
4- 1/8)

» 1
20- 7/8 |
14- 7/8 |
7- 3/4 1

8 1
19- 1/8 i

WEiCHT j
LBS. |

3
1- 1/4
3- 9/16
0- 1/4
0- 5/16
7
4- 3/4
3- 1/4
1- 1/4
2- 3/4
2- 7/16
0- 3/8
0- 3/8
8- 1/8
1- 3/16
3- 1/8
2- 1/4

0- 5/16
0- 9/14
1- 3/6
2
4- 7/8
1- 3/4
0- 5/8
0- 1/2
7- 1/2
4
1- 7/8
0- 3/16
0- 5/8
1- 1/8
0- 7/16
0- 5/16
10- 3/4

15SH-T* j
IHCHES j

1
IB- 3/4 1
13- 1/2)
17- 1/2J
7- 7/8 |
8- 7/8 |
9- 1/8J
22- 7/8|
19 |
13- 7/8|
18- 3/8 j

« 1
8- 3/4 |

» 1
26 |
14- 3/8 |
19 |
16- 1/8 |

1
8- 7/8 |
10- 3/BJ
13- 3/6J
16- 1/8|
20- 1/2 |
14- 1/2|
10- 1/2 1
9- 3/8 |
26- 1/2J
23- 1/4 |
16- 1/6 |
6- 7/8 |
10- 1/2J
12- 1/2|

9 I
9- 1/4 |
29- 3/4 |

t£ ! GST j
IBS. |

4- 1/2
2- 3/8
2- 1/2
0- 9/16
0- 1/4
2

1-13/16
1- 1/8
3- 3/4
1-13/14
0- 3/8
0- 1/4
0- 7/14
1- 3/8
1- S/8
0- 5/14

0- 1/4
0- 1/4
2- 1/8
2- 3/8
3- 1/2
1-13/14
0- 7/14
0-13/14
2- 3/4
2- 3/4
2-11/14
1- 1/2
0-11/14
3- 3/14
0- 1/4
0- 1/4
4

LENGTH j
IHCHES |

1
21- 1/2|
14 |
14 |
10- 1/4 |
8- 1/4 1
4- 5/8 |

1
14- 1/8 |
13- 3/4 |
19 |
14- 7/8 |
9- 1/4 |

• 1
J1- 7/8|
IS- 1/2|
14- 5/8)
11- 1/8 |

1
8- 1/2 |
8- 1/8|
14- 1/4 |
14- 3/4 |
18- 3/8 |
14- 7/8 |
9- 1/4 |
11- 3/8|
20 |
17- 5/6|
18- 1/8J

1* 1
11 1
17- 1/2)

• I
7- 3/8 |

22- 1/4 1

UEIMT
LBS.

4- 1/8
3- 7/16
1- 7/14
0- S/8
4
0- 1/4

2-13/14
1- 1/8
2- 1/4
1- 1/2
0- 3/8
0- 1/2
3- 9/14
0-13/14
1- 9/14
1

0- 1/2
0- 1/2
2- 7/8
1- 3/4
1- 3/14
2
0- 3/4
0- 3/8
5- 1/4
5- 3/8
2- 1/4

0- 3/4
2- 5/16
0- 1/4
0- 1/2

I LEMTI i
I INCHES j

1
21- 1/8|

1« 1
13- 7/8 |
10- 3/6 |
9- 3/8 |

• 1
1

16- 3/4 |
13- 3/B|
17- 1/2J
13- 7/8J
9- 1/6|
10 |
20- 7/8|
12- 1/8|
IS- 1/4 |
12- 3/4 |

1
9- 3/4 |
9- 1/2 |
19 |
15- 1/4 |
13- 1/8 |
15- 1/2|
11- 1/4 j
8- 1/2 j
23- 1/2 |
22- 3/4 |

» \
1

11- 1/2|
IS- 1/2|
6- 1/8 j
10 |

!

1811667 j
IBS. |

2
1- 3/14
1- 1/8
0- 1/4
0- 1/4
•• 1/4

2- 1/2
1- 1/4
1- 1/8
1
0- 3/6
0- 3/6
4- 3/4
1-13/14
1- 9/14
0- 9/14

0- 1/2
0- 1/2
- 3/8

- 7/8
• 3/4
- 7/14

0- 1/2

2- 1/6
2- 1/1

1- 1/4
0- 1/4
0- 7/14

L8MTI
INO0

14
13
12- V*
6
8
4- 7/6

18- 2/8
14
14- 3/8|
12- 3/8J
8- 7/8|
9- 1/8|
23- 1/8J
IS- 3/8|

1* 1
10- 1/4 |

10
9- 7/8|
14- V8|
IS- 1/6|
11- 1/4 j
14- 7/8|
9- 1/4 |
9- 1/1 1

1
14- 1/2|
17- 1/tj

1
1

13- 3/t|
7- 3/6|
9- 7/8J
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TASIE 38-2 (p. i of 2}
Analytical Result* for Hih (Edible Tlltue)

location! LAICf 11 LAKf II IAKE II LAKE II LAKE II LAKE II LAKE 2C LAKE 2C LAKE K
••aple IDt 34-26 34-27 34-28 34-48 54-49 34-50 34-29* 34-30 34-31

t *»pte Type I Carp •••• •••• lullhaad lullhead CatfUh Carp Carp lata
Saapl* (tutor I 438 439 440 460 461 462 441 442 44]

LAKE 2C LAtt X LAM 2C
34-51 34-52 34-53

•ullhead lulllMMd Cat Mad
441 444 449

14-32
car.
444

SO
J4-JI

sa
J4-X4
Car.

PESTICIDES/PCI (Uf/Kl Mt Mt)

115 4,4'-000 < 40 < 40
116 4,4«-DOE < 40 < 40
117 4,4'-OOT < 40 < 40
11* Aldrln « 20 < 20
119 Alpha-INC « 20 « 20
120 ArocMor-101* « 200 < 200
121 ArocMor-1221 < 200 < 200
122 Arochlor- 1>I2 « 200 < 200
123 AroeMor-1242 * 200 < 200
124 Arochlor-1148 < 200 < 200
125 Aroclllor-1K4 1100 < 400
126 Arochlor- 1260 < 400 < 400
127 lata-IHC « 20 < 20 •
128 Cttlardane < 200 < 200 <
1290alta-lHC < 20 < 20 •
130 Dlaldrln 4 40 4 40
131 EndoauMan 1 < 20 < 20
132 Erdeaultan II 4 40 4 40
133 Endeaulfan tulfata * 40 < 40
134 Erdrln * 40 < 40
136 Endrln Ketortt < 40 < 40
137 GaMM-INC (Llndana) < 20 < 20
138 Naptachlor < 20 < 20
13* Haptachlar tpoalde < 20 < 20
140 NatHoxychlar < 200 « 200 •
141 To«aphana < 400 < 400 <

< 40 < 40
t 40 < 40
« 40 < 40
c 20 < 20
c 20 < 20
( 200 « 200
t 200 « 200
« 200 « 200
c 200 < 200
c 200 < 200
480 420

c 400 < 400
i 20 < 20
c 200 < 200
c 20 < 20

40 < 40
20 < 20
40 < 40
40 < 40
40 < 40
40 < 40
20 < 20
20 < 20
20 < 20

c 200 < 200
(400 < 400

40 < 40 < 40
40 < 40 < 40
40 < 40 < 40
20 < 20 < 20
20 < 20 < 20
200 < 200 < 200
200 < 200 < 200
200 < 200 < 200
200 < 200 < 200
200 < 200 < 200
400 1300 6400
400 < 400 < 400
20 < 20 < 20
200 < 200 < 200
20 « 20 < 20
40 < 40 < 40
20 < 20 < 20
40 < 40 < 40
40 < 40 < 40
40 < 40 < 40
40 < 40 < 40
20 < 20 < 20
20 < 20 < 20
20 < 20 < 20
200 < 200 « 200
400 < 400 < 400

40 < 40
40 < 40
40 < 40
20 < 20
20 < 20
200 < 200
200 « 200
200 < 200
200 < 200
200 < 200
3000 540
400 < 400
20 < 20
200 < 200
20 « 20
40 < 40
20 < 20
40 < 40
40 < 40
40 < 40
40 < 40
20 < 20
20 « 20
20 < 20
200 < 200
400 < 400

40
40 •
40
20
20
200
200

« 200
< 200
( 200
940

( 400
c 20
( 200

20
40
20
40
40
40
40
20
20
20
200 i
400 «

c 40 •
( 40
c 40

20
20
200
200
200
200
200
•SO
400
20
200
20
40
20
40
40
40
40
20
20
20
200

i 400

c 40
40
40
20
20
200
200
200
200
200
1700
400
20
200
20
40
20
40
40
40
40
20
20
20
200
400

40 «
40 «
40
20*
20
200
200
200
200
200
•40
400
20
200
20
40
20
40
40
40
40
20
20
20
200
400

( 40
t 40

40
20
20
200
200
200
200
200
990
400
20
200
20
40
20
40
40
40
40
20
20
20
200
400

40
40
40
20
20
200
200
200
200
200
450
400
20
200
20
40
20
40
40
40
40
20
20
20
200
400

HCTALS <•*/*• Mat Mt)

166 Cadalua
178 Laad
184 Harcury

FDA AC1IOM LEVELS
PCI • 2 a«/Kf
Mercury • 1 «g/Kg

< 0.1
<O.OS
0.172

< 0.1
40.05

1.05

< 0.1
40.05
0.420

< 0.1
40.05
0.072

< 0.1
0.13

0.070

< O.t
40.05
0.120

< 0.1
40.05
0.152

< 0.1
40.05
0.239

< 0.1
40.05
0.303

< 0.1
40.05
0.102

< 0.1
40.05
0.078

< 0.1
40.05
0.120

« t.1 « 0.1
< t.OS « O.OS
0.122 0.1M

« 0.1
< 0.05
0.201

(*) rus Split SMpie HO. contained 1.2 «g/kg wet wt. PCSt.



••«••' • •

TAILE 38-2 (p. 2 of 2)
Analytical Rcaulta for FUh (Edlbla Tlaaua)

Locatlani LAKE 30 LAXI 30 LAM 4N LAKE 4N
fa**U (Of 34-54 34-55 34-JJ 34-34

•«•>!• Typti Outllwad •olthaad Carp ••••
i 444 447 447 *48

LAKE 4N LAKE 4H LAKE 4N
34-37 34-59 34-40
•••• lullhaad lullhead
449 472 473

LAKE 4H LAKE 10J LAX! 10J LAKE 10J LAKE 10J LAK8 10J lAd 111 LAKE 10J
34-41 34-34 34-39 34-40 34-41 34-54 14-57 14-5*

Catflth Carp Carp laaa IMS lutUMad MIMa* Cat flak
471 450 451 452 453 440 44* 47«

•fSTICIMI/KO (utAl IN

115 4.4'-000 «
114 4.4'-M>t
1174,4'-OOT
111 Aldrln
11* Alpfca-OK
120 ATMklac-1014
121 Ar«dll«r>1221
122 AroeMor-1232
123 ArwMar-1242
124 Ar*eMar-1248
12S Ar«cMar-1254
124 Ar*cfcl*r>1240
127 ftata-MC
120 CMardam
129 Mlta-MC
130 OUItfrln
131 Cndoaulfftn I
132 Endoaulfan II
133 Endoaulfan lulfata
134 Endrlfl
134 Endrln Katana
137 OaaM-MC (Llrdana)
130 Rapt**!*
139 Haptadilw apex Ida
140 NattoffyrMlar
141 Toiapfcana

c 40
c 40

40
20
20
200
200
200
200
200
400
400
20
200
20
40
20
40
40
40
40
20
20
20
200
400

40
40
40
20
20
200
200
200
200
200
400
400
20
200
20
40
20
40
40
40
40
20
20
20
200
400 «

40 «
40
40
20
20
200
200
200
200
200
400
400
20
200
20
40
20
40
40
40
40
20
20
20 <

200 <
400 <

i 40 < 40
40 < 40
40 < 40
20 « 20
20 < 20
200 « 200
200 < 200
200 < 200
200 < 200
200 < 200
400 740
400 < 400
20 < 20 «
200 < 200 <
20 < 20 <
40 < 40 i
20 < 20 •
40 < 40 <
40 < 40 <
40 < 40 <
40 < 40 «
20 < 20 «
20 < 20 <
20 < 20 •

200 < 200 «
400 < 400 «

c 40 < 40 '
c 40 < 40
« 40 < 40

20 < 20 «
20 < 20 •
200 < 200
200 « 200
200 < 200
200 < 200
200 < 200
400 < 400
400 < 400

i 20 < 20
e 200 < 200
i 20 < 20
c 40 < 40
t 20 < 20
i 40 « 40
i 40 < 40
c 40 « 40
i 40 < 40
t 20 « 20
i 20 < 20
c 20 « 20
(200 < 200 <

400 < 400 «

« 40 < 40 « 40
( 40 < 40 < 40
c 40 < 40 < 4Q
c 20 < 20 « 20
c 20 < 20 < 20

200 « 200 < 200
200 « 200 « 200
200 < 200 < 200
200 < 200 « 200
200 « 200 < 200
910 700 390
400 « 400 < 400
20 < 20 < 20
200 < 200 < 200
20 < 20 < 20
40 < 40 < 40
20 « 20 < 20
40 < 40 < 40
40 « 40 < 40 <
40 < 40 < 40 <
40 « 40 < 40 <
20 « 20 < 20 <
20 « 20 < 20 <
20 < 20 < 20 <
200 « 200 < 200 <
400 < 400 < 400 <

40
40
40
20
20
200
200
200
200
200
400
400
20
200
20
40
20
40
40
40
40
20
20
20

200 «
400 «

40
40
40
20
20
200
200
200
200
200
400
400
20
200
20
40
20
40
40
40
40
20
20
20

( 200
t 400 «

40
40
40
20
20
200
200
200
200
200
400
400
20
200
20
40
20
40
40
40
40
20
20
20
200
400

40
40
•40
20
20
200
200
200
200
200
400
400
20
200
20

• 40
20
40
40
40
40
20
20 «
20 -
200 <
400 «

« 40
1000

< 40
* 20

20
200
200
200
200
200
400
400
20
200
20
40
20
40
40
40
40
20

i 20
t 20
i 200
400

METAIS (••/Ki utt tft>

144 Cadalw
170 Lead
1M Nwcury

FDA ACTION LEVELS
PCI • 2 BO/KB
Narcury • 1 MQ/KI

(•) rws Split faapla

< 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1
< 0.05 < 0.05 < 0.05 « G.05 « 0.05 •< 0.05
0.078 0.052 0.114 0.094 0.217 0.055

< 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 < 0.1 « 0.1 < 0.1
* 0.05 < 0.05 < 0.05 < C.05 -- 0.05 '• 0.05 0*10 « 0.05 < 0.05
0.041 0.055 0.091 0.079 0.057 0.108 0.034 't\C43 0.148
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^B Mercury concentrations In the remaining samples ranged from 0.034 to

P. 01.420 mg/kg. Positive lead detections were found in two bullhead samples,

.•.13 mg/kg wet weight in sample 34-49 from location HB, an^f.ll mg/kg
, •*'

ĵ W«t weight in sample 34-56 from the control location 11OJ." Cadmium was

•"dfe^hot detected at a detection limit of-0.10 mg/kg wet "weight In any of the

samples. There are currently no FDA action levels for cadmium or lead.

W Kohler and Heldlnger (undated) of Southern Illinois University (SIU)

have recently reported preliminary results of a survey for PCB residues in

• Crab Orchard Lake fish. The SIU study was conducted Independently of

i other residue surveys including the Rl. The investigators collected

,™ largemouth bass, channel catfish, carp, bluegill, white crappie, and
I

gizzard shad (a non-food fish) from three areas of the lake, including the

embayment adjacent to the Area 9 Landfill (identified as Site 10 in the

• report). In an effort to discern age-related effects on accumulation of

: PCBs in these species, young, intermediate, and old individuals of each

• species (selected on the basis of life expectancy for each species) were

'tfl analyzed. The results of this survey are presented In Section 2.7, and are

•; summarized briefly below.

With the exception of channel catfish and possibly carp, no clear

correlation of residue PCB level in fillet tissue with fish age was detectable

in the study by SIU. This could be due to the limited number of samples

^| in each data set (three fish per group) and the lower lipid content of

< species other than catfish, carp, and possibly shad (a major determinant

JH: in PCB accumulation with both species and fish age). These data are

similar to the data developed during this RJ in that they show that fish in

the eastern portion of the lake have higher PCB concentrations than those

I 38-7



taken elsewhere in the lake. The results also demonstrate that carp and

channel catfish contain higher residues than other species analyzed.

. PCB analyses in the SIU study appear to have been conducted at a

lower analytical detection limit, possibly 0.1 mg/kg, because a number of

- the pooled data presented are lower than the 0.4 mg/kg detection limit

used in this Rl. The composite data for most of the species and collection

locations show residue levels in the range of 0.2 mg/kg PCBs. As

discussed later, this provides a basis for treating Rl fish data of less than

the detection limit of 0.4 mg/kg as 0.2 mg/kg, one half the detection limit,

when calculating averages for the quantitative assessment.

Due to the preliminary nature of the data presented in the SIU

report, they are not used in the quantitative assessment of PCB-associated

risks. However, the data are in general qualitative and quantitative

agreement with the data collected during the Rl and other investigations.

As discussed in the review of previous investigations in Section 2.7,

Stuart (1984) collected Crab Orchard Lake fish and bottom sediments from

the Area 9 embayment for a survey of polychlorinated dibenzodioxins

(PCDDs) and polychlorinated dibenzofurans (PCDFs). This survey did not

detect the highly toxic 2,3,7,8-TCDD isomer in either fish or sediments.

The 2.3,7,8-TCDF isomer was found «'n fish at an average level of 15.2 ppt

(mean of 10 fish samples) with a maximum level observed of U1 ppt. In

sediment, TCDF was detected at a mean of 19 ppt (for 5 samples) and a

maximum of 50 ppt. Other isomers of PCDD were reported at ppt levels,

but the isomeric distribution was not identified.
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38.< Environmental Effects

38.4.1 Qualitative Assessment

38.*.1.1 Source Evaluation

The western portion of Crab Orchard Lake is a focal point for
£'. , - . -

recreational activities In the Refuge and supports an extensive
•j •**

ecological community as well. The lake has been used previously as an

auxiliary drinking water source for the City of Marion. As discussed!

in Section 2.5. this auxiliary intake has been used one or two times

within the last fifteen years, and is presently non-operational.

As a result of a variety of manufacturing activities along the

eastern portion properties for four decades, the eastern part of the

lake has served as a potential recipient of industrial discharges,

landfill leachates. municipal wastewater and other possible pollutant

sources. The results of chemical analyses of lake water, sediments,

and biota, as described in the preceding section and in Section 2.7,

suggest that the eastern part of the lake has in fact received

industrial discharges.

For the purpose of this risk assessment, potential human health

effects wiJI focus on ingestion of finished drinking water drawn from

Crab Orchard Lake and of fish taken from the lake by recreational

angling. Because of the wide variety of subchronic and chronic

effects documented in laboratory tests, often at low exposure levels,

PCBs were chosen as an indicator contaminant for the risk

assessment. The toxicologJcal and physicochemical properties of PCBs

are summarized in Exhibit A and in the quantitative assessment

portion of this report.

Dlbenzodioxir and furan residues in fish and sediments were

analyzed In a'survey "conducted In 198« (Stuart, et al.. 1981) as
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presented In Section 2.7. The risks associated ^wlth the detection of

PCDD/PCDF residues In fish are evaluated In Section 38.4.2.2, Quan-

titative Risk Assessment.

11 i . J ' - . T

38.4.1.2 Transport Route Evaluation

a) Air; Due to the nature of these compounds, PCBs do not

volatilize from water to a significant degree at the low

concentrations found in Crab Orchard Lake. The air route is

therefore considered non-functional.

b) Direct Contact: PCB residues have been detected in lake

sediments. The direct contact exposure route is thus functional

but will be considered in this analysis in the assessment of

ingestion exposures.

c) Surface Water: PCB residues have been detected in some water

samples from the lake, but not in drinking water prepared from

it or in the raw water intakes to the treatment plant. Thus, the

surface water route is functional for both humans and wildlife.

This exposure path will be considered zs a form of ingestion

exposure in the following assessment.

d) Ingestion: PCB residues have been detected in aquatic biota

taken from the lake (see also Previous Studies in Section 2.7).

Therefore, the Ingestion exposure pathway is complete for both

humans and wildlife.

38.A. 1.3 Receptor Evaluation

Human

Use of Crab Orchard Lake as a source of drinking water is very

limited, serving only the Refuge and the Marion penitentiary at
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present. Potential receptors therefore include visitors and employees

of the Refuge as well as residents of the penitentiary. Analyses of

gV finished drinking water failed to reveal the presence of PCBs.
i,

.Therefore, the only potential human receptors for PCBs In the lake

consumers of fish captured by recreational angling. A

hypothetical case is also evaluated where the backup supply for the

City of Marion might be used to replenish the Marion Reservoir in an

emergency.

Wildlife

Exposures of fish and wildlife to PCBs are complete for the

direct contact/exposure route. Benthic and bottom-feeding organisms

in the lake will receive the highest exposure. Exposure to PCBs is

also possible for wildlife feeding on contaminant residues,.

38.1.2 Quantitative Risk Assessment

38.A.2.1 Estimates of Surface Water Exposures

Previous surveys of Crab Orchard Lake for surface water

residues of PCBs and other contaminants were presented in Section

2.7.2. With the exception of an elevated level of PCBs in a bay

adjacent to the Area 9 Landfill (0.16 ug/L. Hlte. 1984 and IDPH,

1976-1987) all water samples from previous surveys were below the

detection limit of 0.1 ug/L. The Phase II investigation found only

0.009 to 0.019 ug/L PCBs in the Area 9 bay water and no PCBs were

»* detected elsewhere at a detection limit limit of 0.005 ug/L PCB.
i

{_. H te conceivable that Crab Orchard Lake could be used in the

• '9™- future as an emergency backup supply of water for the City of

Marion to supplement the Marion Reservoir. This has occurred as
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recently ,as 1M1, but the. alternate water source has since b«en

switched to Herrln Lake. During the last withdrawal from Crab

Orchard Lake In 1981, about. I _,percent of the capacity of Marlon

Reservoir was replenished. To determine the health risks associated

with such a use of Crab Orchard Lake, it will be estimated that such

an event occurs every ten years, and that the replacement water

contains 9 ng/l (ppt) of PCBs, based on a sampling of lake water

closest to the auxiliary intake.

The resultant PCB concentration from replenishing 6 percent of

Marion reservoir's capacity would be 0.5 ng/l, a level which is 10

times lower than the detection limit for PCB analyses in water. If

such a diluted concentration were maintained by periodic replen-

ishment from Crab Orchard Lake, a chronic surface water ingestion

scenario would exist. The main concern for health effects from

chronic exposure to PCBs is potential carcinogenicity based on

controlled laboratory studies. In order to assess risks associated with

such exposure, daily PCB exposure rates are estimated and integrated

with a measure of the potency of PCBs to produce human cancer as

extrapolated from animal response data.

Assuming a standard lifetime (70 years) drinking water ingestion

rate of 2 liters per day containing 0.5 ng PCB per liter, a daily PCB

exposure for a 70 kg adult of 0.011 ng/kg/day is estimated. Using

the PCB cancer unit risk factor of 7.7 (mg/kg/day)" (Exhibit A), an

estimate of excess cancer from this exposure route of 1.0 x 10 is

obtained, under worst case conditions. This cancer risk is well below

the 10 to 10 range of risk generally considered acceptable by

regulatory agencies.
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38.4.2.2 Estimates of Direct Contact Exposures

As discussed In Section 2.7.1, a 1983 survey (Hite, 1984) of
JQfc- -v

• sediments showed PCB levels of less than 0.01 to 0.27 jng/kg in

• region next to the Area 9 Landfill. Other surveys ./.Ruelle and

Adams, 1984) detected 0.41 and 0.76 mg/kg in the same bay region.

Sediments from mid-lake north of the landfill, were below 0.05 mg/kg

in the latter survey. Elevated PCB levels, presenting the opportunity

for ingestion exposures by benthic organisms, are considered in the

ingestton exposure discussion below. It is doubtful that PCBs bound

to sediment are subject to dermal absorption by aquatic organisms but

they might contribute to localized areas of elevated surface water

concentrations which may be available for absorption.

38.4.2.3 Estimates of Ingestion Exposures

Human

As part of the field investigation, specimens of fish including

bass, carp, bullheads, and catfish were collected from Crab Orchard

Lake. The edible tissues of these species were analyzed for PCBs.

pesticides, cadmium, lead, and mercury. The results, presented in

Table 38-2 and Figure 38-3, indicate that the ingestion exposure

route is complete for humans and wildlife consuming fish taken from

certain portions of the lake. PCB residues were elevated primarily in

sampling location I2C, with lower levels detected in locations IIB and

I3C.

Only two of the samples (out of 29 analyzed) contained residues

in excess of the FDA action level of 2 mg/kg. Both of these samples

38-13



consisted of carp taken from location I2C, near a general area

previously found to contain PCB residues In lake sediments. Carp are
••-••«$»• '

a bottom-feeding species which would come lnt»_dVect contact with

contaminated sediments, as would other bottom feeders such as

catfish. With the exception of the fish sampled at the control location

11OJ at the Crab Orchard Lake dam, all fish sampled were from

portions of the lake which are not readily accessible to recreational

fishing, and from which movement into the remainder of the lake is

constrained by two rather narrow passages. Since neither bass,

carp, bullheads, nor catfish are particularly migratory, it is unlikely

that fish in the eastern end of the lake make a significant

contribution to populations in the remaining portion of the lake.

This ingestion exposure risk analysis involves a 'worst case'

conservative estimate based on an individual who relies upon fish from

Crab Orchard Lake for his or her total fish diet over a 5, 10 or 70

year period. The risk levels presented in Table 38-3 assume that PCB

residues in fish remain constant over the specified period of time.

Each of these assumptions may be improbable. For instance, it is more

likely that an individual would obtain some portion of his fish diet

from other sources, including ocean fish, fish from nearby lakes or

rivers, or fish from commercial fisheries, which would diminish the

risk estimates proportionately. In addition, PCB residues in fish from

Crab Orchard Lake are likely -to decline over time, because of

decreasing levels available for uptake from bottom sediments due to

the natural sedimentation process in the Jake and remediation of

on-land potential contaminant sources, and continuing replacement cf

aquatic populations.
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It is apparent from examining the range of risks presented in

Table 38-3 for ingestion of fish under various dietary scenarios that

the most sensitive variable In the risk estimate is the total quantity of

fish captured from Crab Orchard Lake and consumed over a lifetime

which contains the level of PCB fillet residues currently observed.

The upper bound cancer risk estimate of 2.0 x 10 represents the

consumption of approximately 30 g of catfish (which are bottom

feeders) from Crab Orchard Lake every day during a 70 year lifetime

(sports fisherman scenarios. Table 38-3). This estimate assumes that

95 percent of the catfish are taken from the western area of Crab

Orchard Lake, and 5 percent are taken from the east, since the

fishable acres in the east end comprise about 3 percent of the total

7,000 fishable acres in Crab Orchard Lake. In addition, due to its

average water depth of 2-3 ft., the east area is inaccessible to boat

fishing and therefore fewer fish would be taken from the east side of

the lake. More realistic consumption scenarios for persons who obtain

their entire fish diet solely from Crab Orchard Lake (if any) may be

those risk levels derived for periods of 5 and 10 years, with
-5 -4associated risks between 10 and 10 (one in one hundred thousand

to one in ten thousand).

.V Cancer risks can also be presented in terms of the number of
i

meals of fish from Crab Orchard Lake. For individuals consuming

fish from the western portion of the lake, about 40 to 80 meals of

B< mixed fish, assuming an average meal size of 0.5 to 0.25 Ib and a
t catch similar to the creel census, would result in a lifetime excess

cancer risk of about 10 (one in a hundred thousand). Therefore,

if an individual wished to limit their lifetime excess cancer risk to one

,

pi.
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TAIU

ESTIMTB UK TO MUM
out TO common of MSB TISM

ASSUCTlOMi
- 100 X of flak diet It eaptunrf at Crab Orchard Late.
- ConauBptlen of Crab Orchard fish eontfnuaa over a 70-year llfetie».

0tr durfftt • tO*yMr or S'VMT ptrlOoi*
- Undetected valuaa ara calculated aa ona Half the analytical detection

llarft (0.2 aaAl for BI data). .
- Cancer unit rfak factor of 7.7 (a«/k8/day) ' far Aroclar 12*0 (•)
- Eaat/Uaat division danotad by Half Croak (200 ftshable

en eastern area, 7000 ftshable acraa total for laka.)

AVEBACE KB
CONCEMTIAT10N

SCENARIO
(1) (2)

RISK LEVELS

70-yaar 10-year
LlfttlM Exposure

5-year
Expoaurt

(6.5 • flih ptr day or 10-20 oaaU par yaar)

a) 9SX Utat >M«/SX Eaat MM 0.54
b> 100X UMt CatflBh/Bullhoad 0.32
c> 95X Utat /SI Caat Catf iah 0.61
d) Craot Canaua (4) 0.30
t) National Avarao* (5,f) 1976-1979 0.29
f) National Avtraga <6,f> 1900-1901 0.18

0.20
0.00
0.51

2.51-04
2.31-04
4.3E-04
1.7E-04
2.1E-04
1.3E-M

3.5C-05
3.3E-05
6.1E-05
2.4E-05
3.0E-05
1.8E-05

1.BE-05
1.6E-05
3.0E-05
1.2E-05
1.5E-OS
9.2E-06

II. Sports Fisher—
(30 g fish p«r day or 50-100 Meals per yaar)

a) 951 UMT Bau/5X East ftass 0.34 0.20
b) 1001 West Catfish/Bullhead 0.32 0.08
c) 951 West /5% Eaat Catfish 0.61 0.51
d) Creel Census (4) 0.30
a) National Average (5,f) 1976-1979 0.29
f) National Average (6,«) 1900-1981 0.18

1.2E-03
1.1E-03
2.0E-03
7.8E-04
9.6E-04
5.9E-04

1.6E-04
1.5E-04
2.8E-04
1.11-04
1.4E-04
8.SE-05

8.3E-05
7.4E-05
1.4E-04
5.6E-05
6.86-05
4.2E-05

NOTES t REFERENCES:

(1) Averages are calculated essuaing fish without detected KB residues cant• in
such residues at one half the analytical detection Halt.
(2) Averages are calculated assualng fish without detected KM residues are free of such residues.
(3) Derived using a 1976 Creel Census survey and average concentrations in fish species
detected In the RI and in •onltortng studies conducted by tha State of Illinois (see Section 2.T).
Baaed on the Creel Census data, tha relative catch par boat expedition at Crab Orchard Lake is
coaprisod of roughly. 3SX baas, 3U bluagill sunflsh, 14X catfish, 12X crappie and O bullhead.
(4) ATSDR (anleaner, 1987). Draft Toxicological Profile on PCBa.
(5> Sctoidi. CJ at al. (1985). National Pesticide wonI torIng »rograsu
Art*. Environ. Cento*. Toxicol.; 14:225-60.

(f> Fillet residues calculated aa one third reported ttoie body residua.
(•) The potency factor of 7.7 (saj/kg/day) la baaed on studies using Aroclor 1260;
only Aroclor 1254 residues were detected at Crab Orchard Laka. Available data neither
daaonatrste nor preclude tHe carclnogonlcUy of Aroclor 1254.
(») Additive risks due to KB/TCDF residues in fish aright be obtained by adding 15
percent to risk level noted for KB*.



chance in one hundred thousand, the total number of meals consumed

in a 70-year lifetime from Crab Orchard Lake (western side excluding

large channel cat) should be In the range of 40 to 80 meals. From a
p

""" . practical standpoint, four to eight meals annually over a ten year
I2k

--. period would result in acceptable levels of risk similar to other
•• • *:

dietary risks. For a person only occasionally visiting the lake, a

higher rate of fish consumption would not yield unacceptable risks.

Stuart et al. (1984) presented the results of analyses of Crab

Orchard Lake fish for polychlorinated dlbenzodioxins (PCDDs) and

poly chlorinated dibenzofurans (PCDFs). These were whole fish

samples of largemouth bass, channel catfish, and carp captured from

•

the eastern portion of the lake. The most highly toxic of this class
'

of chemicals, 2,3,7,8-tetrachlorodibenzodioxin (TCDD), was not

• detected. One catfish contained unspecified penta- and

hexachlorinated PCDD. Some of the fish analyzed contained 2.3,7,8-

I i tetrachlorodibenzofuran (TCDF) at a mean level of 15 ppt, and two
nil

M fish of the ten analyzed contained other TCDF isomers, with a group

average of 2.5 ppt. Clark (1988) has indicated that in the environ-

• ment, the 2,3.7,8-TCDD and TCDF compounds, the more toxic

JL congeners of these classes, appear to preferentially bioaccumulate.

™ This might in part explain why other TCDF congeners present in

•• commercial PCBs were not detected in this fish survey.

Fink (1986) uses a conversion factor of 1/3 to estimate fillet

concentrations of bioaccumutated organic contaminants to fillet

concentrations. Therefore, the whole body TCDF data are converted

to 5 ppt of 2,3.7,8-TCDF and 0.8 ppt of other TCOFs in fillets.

Under the upper bound fish consumption scenario constructed for
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RGBs, and assuming lifetime dally consumption of 30 grams catfish

with no difference in PCDF concentration between the east and west

portions of the lake, a dally adult (70 kg) Intake of 2.1 x lo~9

mg/kg/day of the 2,3,7,8-TCDF and 0.36 x 10"9 mg/kg/day of other

TCDFs is estimated.

In the absence of an extensive toxicological data base for PCDFs

in general, U.S. EPA (1987, 1988) has adopted a weight of evidence

approach to risk assessment of these compounds, termed the toxic

equivalency factor approach, as an interim risk assessment procedure.

In this approach, available test data and quantitative

structure-toxicity relationships have been reviewed in order to rank

the relative toxicity of the various PCDD and PCDF compounds and

congeners relative to the best characterized and most toxic compound

of these groups, 2,3,7,8-TCDD. Under this approach, the

2,3,7,8-TCDF congener is given a toxicity equivalence factoi of 0.1

relative to 2,3,7,8-TCDD, and all other TCDFs are given a factor of

0.001. The cancer potency factor of 2,3,7,8-TCDD is currently given
I

£ * r f .. « **3 / _ _ / » . ̂ IJ-.. .^" 'as 1.56 x 10 (mg/kg/day)" . Therefore, the potency factors of
n

2.3.7.8-TCDF and other TCDFs are estimated as 1.56 x 10

(mg/kg/day) and 1.56 x 10 (mg/kg/day)" , respectively. The

lifetime cancer risks from exposure to these compounds at the above

estimates of exposure are. consequently, 3.3 x 10~ for 2.3,7,8-TCDF

i and 5.6 x 10~7 for the other TCDFs. Since the risk estimate for PCB
I _3

exposure at the same fish consumption rate is 2 x 10 , the TCDF

exposure might increase overall risk to 2.3 x 10~ , a factor of 15

percent. This incremental risk factor could be added to all risk
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estimates presented in Table 38-3 to give an upper bound additive

risk for PCB and TCOF exposure. ^

In view of the inherent "uncertainty In quantltaQve* carcinogenic

risk assessment, the biological significance of ; thli estimated

Incremental risk Is unclear. In addition, some' of the PCDD-ltke

congeners present in a rod or mixtures often used In toxicotogical

evaluations of PCBs may be responsible for some 'portion of the

observed toxicity (Hileman, 1988; U.S. EPA, 1987), depending on the

effect studied and the biochemical mechanism Involved. If this applies

to this risk assessment, the incremental risk from TCOF exposure via

fish consumption may be somewhat overstated. However, in view of

the possibility that certain PCDD and PCDF congeners may

preferentially accumulate in sediments and in fish, including the more

toxic 2,3,7,8-tetrachloro derivatives, environmental mixtures might be

enriched in these components relative to commercial mixtures.

Therefore, a conservative approach to this aspect of the risk

assessment is desirable. - ' '•

Short term consumption of catfish containing the average PCB

levels (Scenario C. of Table 38-3) observed at Crab Orchard Lake

does not result in intake levels which would be a cause for concern

from non-carcinogenic PCB toxicity. Using a threshold exposure level

for short-term non-carcinogenic effects of 1 mg/kg/day and a safety

factor of 100, U.S. EPA (1986) established a short term acceptable

Intake level of 0.7 mg/day for a 70 kg adult for a ten day exposure

period. At a fish ingestion rate of 250 g/day, assuming one meal of

catfish daily during ten consecutive days, and a fishing pattern of 95

percent of catfish obtained from the west end and 5 percent of catfish
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from the east end of Crab Orchard Lake, a daily PCB intake of 0.61

mg/kg x 0.25 kg/day or 0.15 ing/day is estimated. This intake is

well below the acceptable. level of 0.7 mg/day>: for short term

exposures.. ,....... ,

For longer term exposures, ATSDR (1987) and U.S. EPA ECAO-

CIN-4U (1987) have identified a no observed adverse effect level

(NOAEL) for Aroclor 1016 for developmental toxicity (reduced birth

weight) of 0.01 mg/kg/day upon chronic oral exposure in monkeys.

U.S. EPA ECAO-CIN-«1<» (1987) established a long-term health

advisory Reference Dose for non-carcinogenic effects by applying a

100-fold uncertainty (safety) factor to this NOAEL. or 0.0001

mg/kg/day. At an ingestion rate of 30 g fish per day x 0.61 mg

PCB/kg fish, a daily exposure rate of 0.00026 mg/kg/day for a 70 kg

woman is estimated. This upper bound exposure estimate of 0.00026

mg/kg/day is higher than the Health Advisory intake level. However,

this exposure level does not necessarily imply that developmental

toxicity will be observed in hun..ns exposed at this level because of

the conservative nature of the assumptions and safety factors used.

In fact, this exposure level is 50 percent lower than the lowest

observed adverse effect level [0.0004 mg/kg/day LOAEL) seen in the

monkey study with a 100-fold uncertainty factor applied. In addition,

the rhesus monkeys studied were more sensitive to PCB effects than

another highly sensitive species, such as the mink.

To place these estimates in perspective, and to illustrate the

sensitivity of the risk analyses to the average concentrations detected

in fish (as well as to the procedure for analyses of fish samples), the

risk levels associated with consumption of freshwater fish available in
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interstate commerce In the U.S. were reviewed. The U.S. Fish and

Wildlife Service reported that whole body PCB residues In freshwater

fish nationwide in 1980-81 averaged 0.53 ppm (Schmidt ret a*., 1985).

As an approximation, the edible portions of fish tissue are often

assumed to contain one third the. llpophilic contaminant level of whole

fish due to decreased fat content (Fink, 1986). Thus, under the same

conservative dietary assumptions used 1n this assessment (30 g of fish

consumed every day over a 70-year lifetime) for an avid freshwater

sport fisherman, it Is estimated that a fillet PCB level of 0.53/3 or

0.18 mg/kg - the average level throughout the country in 1980-1981 -

—fthas an associated risk of 5.8 x 10 .

Similarly, the estimated risk level associated with consumption of

freshwater fish containing the national average concentrations in

edible tissue reported for the period between 1976 and 1979 is

—49.6 x 10 , assuming the same lifetime consumption rate of 30 g fish

daily (see Table 38-3). This risk estimate is proportional to the

higher national average PCB concentration reported in ATSDR (1987)

for the period between 1976 and 1979. The downward trend in

residue content would appear directly related to decreases In general

environmental PCB residues due to restrictions on the manufacture

and use of PCBs. Risks to the average consumer of fish would be

substantially less, as saltwater fish, containing much lower PCB

residues than freshwater fish, comprise a significant portion of fish

consumed in the typical diet.

Background risk levels are largely a function of the analytical

protocol (and analytical detection limit) employed in the analysis of

fish samples. This dependence is Illustrated, in part, by the
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magnitude of the above estimated risks associated with consumption of

commercially available .fish containing the nationwide average PCB

concentration reported in ATSDR (1987). To Illustrate the direct

dependence of the risk levels estimated for this site to the detection

*;; . - . • - . limit of 0.4 mg/kg employed in this analytical program (a common

'}' detection limit utilized nationwide in the analysis of PCBs in fish

tissue), the risks associated with consumption of only fish flesh with

results below the detection level were estimated. Assuming the

undetected results are averaged as being equal to the detection limit

of 0.4 mg/kg, and are consumed at a rate of 30 g daily during a 70

year lifetime, the risk is estimated to be 1.3 x 10 . Thus, in order

to provide a less biased while still conservative estimate, scientists

and regulatory personnel often utilize one half the analytical detection

limit as a proxy for the undetected results in computing the average
v

of a particular data set. Using this procedure to re-evaluate the

risks associated with consumption of fish samples which do not contain

V-""'' detectable PCB levels results in a risk level of 6.6 x 10~\ Use of the

preliminary data reported in recent studies by S1U (Kohler,

undated), which revealed an average PCB concentrations of 0.2

mg/kg in fish tissue from Crab Orchard Lake, would yield comparable

risk values as using one half of the detection limit of 0.4 mg/kg.

There are several factors in addition to the total quantity of fish

consumed, the estimated average level of contamination, and the

analytical detection limit which may have a direct bearing upon the

nature of this analysis. These factors should also be considered when

evaluating and using the above risk estimates:
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1. It is well recognized that certain methods of cleaning and

cooking fish can remove significant amounts of contaminants

found In fatty portions of edible fish tissue. Including PCBs

(Cordie et •!., 1982). For Instance, mean whole body PCB

residues In lake trout from Lake Michigan in 1973-1974 of 18.9 to

22.9 mg/kg were decreased to 1.03 - 4.67 mg/kg after cleaning

(i.e. removing head and Internal organs) and cooking. Zabik et

al. (1979) also demonstrated a significant reduction of PCB levels

in lake trout fillets containing large amounts of fat by various

cooking techniques including broiling, roasting, and

microwaving. The degree of residue removal was dependent on

the cooking method, with broiling and roasting more effective

than microwave preparation.

Skea et al. (1979) showed a lower degree of removal using

less fatty fish; brown trout and small mouth bass. Smoking

removed 12 percent of Aroclor 1254 residues in the brown trout,

whereas broiling increased the residue level, presumably by

removing tissue water. In the smallmouth bass, baking increased

the residue level white deep frying reduced the level by nearly

50 percent. Zabik et al. (1982) compared several preparation

methods for effects on PCB residue level in cooked and raw carp

fillets and reported either no effect or an increase in

concentration. Thus, the degree of residue reduction of PCBs by

cooking seems dependent on the species concerned, primarily due

to variation in fat content, and cooking methods used, due to

varying efficiencies for removal of fat and tissue water.
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The presented assessment assumes that 'all PCBs In the

fillet before cooking are carried over in. the cooked meal. It is

quite possible, however, that some portion QfC.thf. residues would

.J; ^ _ . be lost during preparation of the food by. certain methods,

* although no experimental data were located for the species

assessed (largemouth bass and catfish). This lack of specific

data and the variability observed in the literature precludes a

quantitative estimate of possible risk reduction by cooking. As a

result, further investigation on the effect of preparation of these

species would be a useful aid for further refinement of this site

assessment.

2. As a conservative precaution, carcinogenic risks were estimated

as if the PCBs in question were of a potency equivalent to

Aroclor 1260, whereas only Aroclor 1254 residues have been

observed in Crab Orchard Lake sediments and fish. Under the

conditions of a National Cancer Institute (NCI) chronic bioassay

of two-year duration, Aroclor 1254 did not demonstrate

convincing evidence of carcinogenicity in rats (as reviewed in

Exhibit C, Harbison et al., 1987). Because the experimental

design of the NCI study may have lessened the power to detect

elevated tumor incidence. U.S. EPA has assessed the risks of all

PCS aroclors including 1254 as if these were all of equivalent

potency to Aroclor 1260. Two studies of greater than two-year

duration in rats with Aroclor 1260 produced elevated rates of

liver tumors in the late stages of the animals' lives. As reviewed

in U.S. EPA ECAO-CIN-414 (1987) and ATSDR (1987). the
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Aroclor 1260 studies have been selected by regulatory agencies

as the basis for carcinogenic risk assessment of ad PCBs.
• '̂ ~-

Based upon what is known about the comparative

biochemical toxicology of PCB congeners, however. Aroclor 1251

may be less potent as a carcinogen than Aroclor 1260. The more

heavily chlorinated PCBs (penta- and hexachlor-) are believed to

be most toxic to the liver, and these congeners predominate in

Aroclor 1260 relative to 1254 {ATSDR. 1987). Thus, even if

Aroclor 1254 were to show carcinogenic properties in rats if

tested under the same conditions as Aroclor 1260, It is possible

that the effect would be less, due to lesser presence of highly

chlorinated organics.

This argument concerning the potentially lesser potency of

Aroclor 1254 may not be applicable to environmental exposures in

all cases. Because of their relatively low water solubility and

greater persistence, environmental Aroclor 1254 residues in sedi-

ments and fish may be enriched in heavily chlorinated congeners

relative to the commercial mixture as manufactured. Thus, the

environmental mixture of Aroclor 1254 congeners might on

occasion more closely resemble, lexicologically a commercial

Aroclor 1260 mixture compared to a commercial 1254 mixture.

This does not, however, appear to be the case fcr the fish

residue data generated in the Rl. Examination of the gas

chroma tog raph scans by a PCB analytical specialist indicates that

the Rl Aroclor 1254 patterns were representative of standard

Aroclor 1254, with little of no enrichment of the more heavily

chlorinated congeners (Hill. 1988).
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Th« study by Norback and Weltman (1985) which forms the

basis for the quantitative potency estimate for Aroclor 1260 and

all other ̂  PCBs, is somewhat flawed and Its relevance to human
' •>

' risk assessment has been questioned (Exhibit C.. Harbison et al..

> • . 1987). The dose administered appears to have been hepatotoxlc,

excessive control mortality was observed, and a number of the

animals which were scored as tumor-bearing had received a

partial hepatectomy (a possible tumor promoting influence) earlier

in the study. The liver tumors induced in treated animals

appeared very late in the animals' lives, and did not appear to

be life-threatening or metastatic. These observations inject

additional uncertainty into the quantitative assessment of the

health risks from ingestion of fish containing PCBs. Use of these

data helps ensure, however, that the assessment of risks

associated with PCB exposure errs on the side of overstating

rather than understating the risks.

The factors discussed above, as well as those presented

elsewhere in this report (Section 6.5 and Section 38.4.3, Analysis of

Uncertainties), illustrate the necessity to consider the underlying

uncertainty as well as the overall weight of evidence when applying

this approach to a case-specific assessment.

• Humans aikjht also receive exposures to PCBs from consumption

of certain duck and geese species which may have been exposed to

; residues from bottom sediments in the eastern area of Crab Orchard

Lake. According to the Refuge Manager, the 43.000-acre Refuge

supports a peak population of approximately 12,000 ducks and 100,000

geese during the fall and winter seasons. The duck population
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consists of about 10.000 puddle ducks (surface feeders) and 2,000

diving duck species which spend an average of two months/year at

the Refuge. Both geese and ducks utilize the eastern e*d of the lake

for resting and loafing purposes. These species generally feed very

little In the lake because farm crops are abundant throughout the

Refuge. Diving ducks, although seen occasionally resting in the east

end, generally prefer deeper water areas in the western portion of

the lake. Although the number of waterfowl on the eastern end

mudflats or shallows may reach 2-4,000 birds for several days,

individual birds and subflocks are constantly changing with other

groups elsewhere on the Refuge on a daily or hourly basis. Thus, an

individual bird is estimated to spend no more than 10 days maximum

per season in the eastern portion of Crab Orchard Lake. Based on

this limited exposure to sediments in the east area of the lake, and

the low residue levels present, ducks would not be expected to

accumulate significant PCB residues. The ingestion of duck or geese

from Crab Orchard Lake is not considered to represent a risk to hu-

mans or wiidiife at the Refuge.

In summary, the estimated risks to humans associated with

consumption of fish are within a range of 10 excess lifetime cancer

risk for rates of fish consumption between 40 and 80 meals occurring

over a few years or over a lifetime of 70 years. At higher rates of

consumption (greater than a meal per month or 12 meals/year), for

more than three consecutive years or a lifetime, excess "cancer risks

would exceed 10 for most consumption scenarios. ' " • • . -
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Wildlife . ...

The presence of PCB residues In fish in Crab Orchard Lake

creates a complete exposure pathway for piscivorous birds and
~ .->

mammals In this region. Mink, otters, and other fish-consuming

mammals living near the eastern portion of the lake may be exposed to

the levels of PCB residues which have been detected in sediments and

bottom-feeding fish. In particular, mink are highly susceptible to the

acute and subchronic effects of PCBs (Newell et al. 1987), and thus

will be a focus of the wildlife risk assessment. Piscivorous and/or

aquatic birds may also be exposed to PCB residues since such birds

would be expected to obtain a portion of their total diet from

captured fish or fish carrion taken from Crab Orchard Lake. As

discussed below, the Refuge is an active nesting area for 2-3 pairs of

bald eagles, an endangered species with documented sensitivity to

chlorinated hydrocarbon pesticides and perhaps PCBs. Herons and

osprey may also be exposed via ingestion of fish obtained from some

portions of Crab Orchard Lake. Certain species of duck might obtain

part of their diet from Refuge fish; however, according to the Refuge

Manager, such species spend approximately two months per year at

the Refuge as a temporary habitat during their excursion north, and,

during this period, spend most of their time feeding or loafing in the

deeper areas of the lake, on the west end of the Refuge. Less

migratory species of duck and/or geese which might remain at the

Refuge long enough to receive limited exposure to contaminants are

predominantly vegetarian, and tend to feed on various agricultural

crops surrounding Crab Orchard Lake. For the above reasons, duck

and geese will not be considered in the quantitative assessment.
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In order to assess risks to piscivorous mammals, it will be

assumed that a population of mink exists on the eastern portion of

Crab Orchard Lake. As reviewed in Newell et at. (1987). a typical

mink diet consists of about 50 percent fish, and a 1 kg adult mink

consumes approximately 150 g of food per day, or 75 g of fish. Fish

in the eastern portion of the lake (17 samples, all species) contained

an average of 1.2 mg/kg in the muscle fillet ("edible tissue"). Whole

body residues may be reasonably assumed to be three times as high

(Fink, 1986). or 3.6 mg/kg. Thus, a mink consuming 75 g per day of

fish containing 3.6 mg/kg of PCBs would receive a daily exposure of

0.27 mg/kg body weight/day. Newell et al. (1987) estimated that a

daily intake of 0.13 mg/day would provide a margin of safety of 5

fold against the lowest level of dietary PCB exposure associated with

reproductive impairment in laboratory tests with mink. Thus, the

worst case exposure scenario provides a safety factor of more than 3

fold over the lowest observed effect level in mink. In view of the

observation that mink tend to feed predominantly on young fish which

have not had the opportunity to acquire elevated contaminant levels

(Ruelle, 1987), this safety factor is concluded to be adequate.

Piscivorous mammals less sensitive than mink would be expected to be

further below the effect threshold, because mink are the species with

the greatest documented sensitivity to PCBs.

In contrast to a resident mink population, piscivorous birds on

the Refuge can obtain food from a number of sources. Including all of

Crab Orchard Lake and other aquatic systems. In developing criteria

for contaminants in fish flesh in regard to piscivorous wildlife, Newell

et al. (1987) utilized a food consumption rate of 20 percent of body
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weight per day .for a number of piscivorous birds, including bald

eagle, great blue heron, and osprey. An adult bald eagle body weight

of 4.5 kg Is used in the assessment below * According to the Refuge
>

Manager, the peak winter population of eagles on the Refuge is 30

V' birds. If these winter eagles restricted their food source to the

~: vicinity of Crab Orchard Lake, their diet would consist almost

entirely of wounded waterfowl and miscellaneous road kills such as

snakes, squirrels, and rabbits. During the spring and summer (May

through August) only 2-3 nesting pairs of bald eagles utilize Crab

Orchard Lake; the diet of these birds during these four months is

made up of approximately 80 percent fish species and 20 per cent

carrion. It is reasonable to assume that the total fish diet is taken

randomly from all areas of the lake, given the large foraging range of

this species. If sampling locations 11B, I2C, and I3C in Figure 38-3

are considered to be representative of the eastern area of the lake

(east of Wolf Creek), and sampling locations IQH and IIOJ are

considered representative of the species on the west side of the lake,

the average fillet tissue concentrations of PCBs for all fish species

from the west and east portions of the lake are 0.37 and 1.2 mg/kg

respectively. (Similar to the assumptions for the human health risk

assessment, samples with results below the detection level are

considered as one half the analytical detection limit or 0.2 mg/kg).

The relative volume of water in the west portion of the lake is

greater, since the average depth of the western area is 8-9 ft.

versus 2-3 ft. on the eastern side. In addition, the west area

represents approximately 97 percent of the total fishable acres in

Crab Orchard Lake. If it is assumed that the fish population is
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roughly proportional to the area of the lake (3 percent east, 97

percent west), then the weighted average PCS fillet tissue concen-

tration would be 0.39 mg/kg for the overall fish population in Crab

Orchard Lake. The whole body concentrations consumed by eagles

would be estimated to be three times this concentration (Fink, 1986)

or 1.2 mg/kg.

Considering the above assumptions, a 4.5 kg adult eagle is

estimated to consume 0.19 mg PCBs/kg/day during the four summer

months when its intake is comprised of 80 percent whole fish and it

maintains a consumption rate of 20 percent its body weight.

Normalizing this intake over a one year period to be representative of

both winter and summer dietary intakes, an exposure level of 0.057

mg/kg/day is estimated for eagles. Applying a 10-fold margin of

safety to a no observed effect level (NOEL) for reproductive effects

in PCB- exposed domestic hens (data on target species being

unavailable), Newell et al. (1987) concluded that a daily intake of

0.11 mg/kg/day was an acceptable intake level for birds. The

estimated daily intake (0.057 mg/kg/day) for eagles or other similar

piscivorous birds at Crab Orchard Lake is roughly one half this

value, and is well below the NOEL of 1.1 mg/kg/day for reproductive

toxicity in domestic hens. Thus, for effects to be seen in eagles at

this level, they would have to be significantly more sensitive to PCBs

than domestic hens and the birds would have to obtain at least 80% of

their fish diet from Crab Orchard Lake during both the summer and

winter months. •

Benthic and bottom feeding organisms may be at risk from

ingestion of bottom sediments bearing PCBs, and possibly from
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absorption of localized residues of these compounds in water near and

beneath the sediment surface. However, these risks cannot be

quantified due to lack of data on Ingestion rates and btoavailability of

these residues, and uncertainty regarding the ability of these

compounds to produce acute and chronic effects at low levels. The

risk levels evaluated above for piscivorous mammals and birds suggest

that wildlife are not subject to unacceptable exposure levels due to

contaminants In Crab Orchard Lake fish.

38.4.3 Sedimentation Analysis

As a followup to the Phase II investigation, split-spoon sediment core

samples were collected from five locations (32-98, 103, 104,, 105, 107, see

Figure 36-3) within the embayment adjacent to the Area 9 Landfill. One

core was also collected at a location (7E, 34-22) toward the center of the

lake, which is further removed from surface discharges and is close to a

narrow opening between the west and east lake portions where the water

velocity would be greater. The depth to naturally occurring sublake soils

was determined for each sediment core by noting the appearance, soil

type, and moisture content at 6 in. to 1 ft. intervals for the continuous

split-spoon samples. The depths of sediments were measured as 66, 51, 51,

33, and 54 inches respectively, or a mean of 51.6 inches for the Area 9

embayment. The depth for the sediment core from Location 34-22 at the

center of the lake was 18 inches. Since the lake has existed for

approximately 45 years, an average sediment deposition rate of 1.2 inch

per year or 2.9 cm per year is estimated for the embayment,, and 0.4 inch

or 1.0 cm per year for the mid-lake areas. According to Fink (1987),.

these are deposition rates characteristic of productive reservoir systems.
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Fisher et al. (1983) studied the release rate to overlying water of

four poiychlorinated biphenyls (trl- and tetrachloro-) contained in

contaminated bottom sediments collected from Waukegan Harbor In Illinois.

Having determined the rate of flux and the rate of migration through

interstitial water in the sediments by molecular diffusion, these authors

concluded that even the most mobile of the PCBs studied had an extremely

low diffusivity through the sediments. Using these values for upward

migration, it was determined that sediment deposition would overtake

diffusion as the determining element for PCB release if other disturbing

influences such as wave action, and biological disturbances are ignored.

For instance, it was concluded that a sediment deposit rate of 0.004 in. or

0.01 cm per year would remove PCBs in a surface sediment layer from

communication with overlying water in approximately three years.

In the absence of other factors, therefore, the estimated sediment

deposition rate for the bay would remove sediment containing PCB residues

from communication with the free water column within less than a year once

remediation of on land contaminants has been completed,. As noted by

Fisher et al. (1983), sediment disturbances such as caused by wind or

current, or by fish and benthic organisms could retard this rate of

encapsulation of contaminants. Since this region of the lake is frequented

by carp and other bottom- feeding fish, it may be more conservative to

assume that the upper 5 cm or so of the sediments, constituting the active

sediment zone, is being continuously mixed by the action of fish, waves,

and benthic organisms. Thus an influx of 2.9 cm of non-contaminated

sediment per year into the bay would reduce existing PCB concentrations

by about 60 percent annually, by simple dilution, exclusive of

biodegradation or other dlssipative mechanisms. . Thus, three years after
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the transport of PCBs to the bay ceased, residues would be reduced to

about 6 percent of previous values, and to 1 percent after 5 years.

!<*'

. 38.4.4 Analysts of Uncertainties
££• As has been discussed elsewhere in this report (see above and

Section 6.5), several key areas of uncertainty are contained in this risk

assessment. To ensure that the assessment does not understate the

magnitude of the upper bound of risk, multiple ranges of assumptions (i.e.

dietary habits, residue levels, duration of exposure) spanning a possible

least case scenario to a possible worst case scenario were employed. " ..e

approach used to derive the worst case risk estimates is not intended to

estimate the actual risks which may be associated with this site, which are

most likely defined by a probability distribution rather than a discrete

value. The probability that even a small subset of the human and wildlife

populations might begin to meet the set of worst case assumptions used is
•

,»• small. It is unlikely that the level of risks calculated could be detected

above background incidence of disease. The upper bo. id risk estimates

are of importance in this case because of the severity of the potential

effects, not because they are likely to occur. In addition, the

quantitative assessment model assumes that all PCB aroclors are as

carcinogenic as the most toxic Aroclor 1260, even though there ' reason

to conclude that Aroclor 1251, which was the only Aroclor detected in the

residues at this site, may be less potent.

Additional uncertainty is introduced due to the limited size of the

analytical sampling program for this Rl; this degree of uncertainty must

also be considered in the interpretation and conclusions derived from the

evaluation of this site. Although limited, the Rl analytical data are
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generally supported by the more extensive database developed as part of

ongoing monitoring programs conducted by the Illinois Department of Public

Health (IDPH, 1976-1987) and SIU (Kohler, undated). Th* results from

these monitoring data are presented in the Review of Previous

Investigations in Section 2.7. v

38.S Preliminary Remedial Alternatives -

Three samples of lake waters remote from the Refuge waterworks intake

contained part per trillion levels of PCBs; these results were above the Ambient

Water Quality Criteria for human health, but only one sample exceeded the

concentration standard for protection of aquatic life. Lake waters near the

waterworks intake and after treatment did not contain detectable levels of PCBs

(detection limit of 0.005 ug/L). The treated- water supplies exceeded the

criteria for some trihalomethane compounds, likely due to the drinking water

requirements for residual chlorine after treatment. Corrective measures have

been instituted in the treatment of these waters to reduce trihalomethane level

below the standards. In addition, the water samples from some areas of Crab

Orchard Lake contained low levels of arsenic and mercury above the ambient

water criteria for human health. However, all detected constituents were below

the Ambient Water Criteria for protection of aquatic life with the exception of

PCBs in one sample from the embayment near Area 9. Sediment samples from the

lake contained phthalates and trace semi-volatile compounds; however, the

phthalates were also detected in the laboratory blanks. The sediment samples

from the Area 9 embayment also contained microgram (ppb) levels of PCBs.

As evaluated in the previous section, the effects of contaminants in lake

sediments appear to have resulted in PCB concentrations in some fish from Crab

Orchard Lake above the FDA tolerance level for this regulated substance. Two

Si.
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carp composites (6.4 and 3 mg/kg PCBs; 3.9 and 4.4 mg/kg when re-analyzed)

and one bass composite (1.05 mg/kg mercury) collected from the eastern area of

,„.„,, the lake exceeded the FDA criteria of 2.0 mg/kg for PCBs and 1.0 mg/kg for
'•

mercury*
'*-

These data were evaluated in a detailed risk assessment (Section 38.4),
, t»

however, with the conclusion that the risks to local fishermen and to wildlife do

not warrant direct remediation of lake sediments. Based on the review of previ-

ous information and the evaluation of current site conditions as part of this

investigation, no remedial measures are recommended for Crab Orchard Lake,

except for periodic monitoring of lake waters, as detailed in Attachment 1. The

attached Monitoring Plan proposes continuing monitoring of waters at this site

and other tributaries and drainage routes to Crab Orchard Lake.

Periodic monitoring of lake fish and sediments is also recommended,

whether as part of a continuing program conducted by the State of Illinois, or

in conjunction with the proposed plan in Attachment 1. Further monitoring of

fish residues with a method permitting a lower analytical detection limit would

lead to a more accurate quantitative determination of risks associated with

consumption of fish containing fillet PCB residues at the lower end cf the range

observed in the various investigations, in terms of both species analyzed and

area of the lake sampled. In addition, any such monitoring should include

analyses for PCDD and PCDF congeners in fillet tissue to more accurately

determine overall risk from fish consumption.

3B.6 Conclusions anc! Recommendations

It can be concluded that the waters of Crab Orchard Lake generally meet

all regulatory standards and criteria for human, health and aquatic life v/ith the

exception of low concentrations of PCBs, arsenic and mercury in isolated
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locations. Some sediments contained low levels of PCBs, phthalates, and other

* • ~. r-4lK

/en the circumstances of Crab Orchard Lake, Including observed fishing

I, the remedial measures contemplated for various potential PCB sources

the lake, the low levels ancTttmUed"areas of PCB I contamination in lake
'*"—••" ' V • ' • -. '

sediments, the apparent health •of*tthlT*e3c1stthg^aquatfc~"ecosystem, and the

natural self-sealing mechanism provided by the lake sedimentation, no remedial

measures are recommended for the lake. For these reasons, the lake will not be

carried forward into the Feasibility Study. " ' " ' "

As with several other sites not being evaluated in the FS, a proposed

followup monitoring program for take waters has been included as Attachment 1

of this report. It is further recommended that lake fish and sediments continue

to be monitored on a periodic (e.g. annual) basis following implementation of

source control measures.

I)
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SECTION 39 - SITE 35, AREA 9 \ V A T E R V . A Y

39.1 Site Description

Site 35 is a low lying spot in an agricultural field to the eabt of Area 9.

(See Figure 3 9 - 1 ) . Vegetation does not grow in the area of depression, in-

dicating the potential presence of contaminants.

3 9 . 2 Site Investigations

3 9 . 2 . 1 Phase I Site Investigations:

One composite soil sample was collected during Phase I.

3 9 . 2 . 2 Phase II Site Investigations:

No samples were collected during Phase II.

39.3 Analyj:icaj Results (See Appendix I, Page 31)
r ' •

Unusually high specific conductance, 11 ,650 umhos/cm, was measured in

the soil sample, possibly due to the accumulation of salt. A trace (0 .016 rug/kg)

of PCBs was-detec ted. The concentrations of all other parameters were below

those detected at the Refuge control s i tes, although the volati le and

semi-volatile organics data for Phase J art questionable due to ,QA/QC

.deficiencies or- unreliable support d£ita (see' Exhibit B). Some compounds
*

reported as not detected may in fact be present.

I
I
I
I
I
I
I
I
I
I
I
I

*•
I
I
I
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39.1 Environmental E f f e c t s

39. *< .J Qualitative Assessment

This site was chosen for investigation based on an inspection of ^e

site by the Refu'ge Manager. The lock of vegetation in the depression of

this site led to speculation that this area might be contaminatea.

Other than an unusually high specific conductance, which was

attributed to the salt content of the soil, all other parameters were within

the range of their respective Refuge background levels. Aerial photos

show this location to be a wet spot within a low-lying area of an

agricultural field. It is speculated that agricultural runoff containing

fer t i l izers, etc. accumulates at this location and then evaporates, leaving

behind an accumulation of salts.

Because there is no-established waste source at this location, it is not

possible to have a "complete" exposure scenario. Therefore, on the basis

of the information generated, it can be concluded that the site does not

represent a risk of chemical exposure to potential human or wildlife

receptors.

39.1.2 Quantitative Assessment . . .

Because a complete exposure scenario could not be identified in the

qualitative assessment, there is Vio basis for preparing a quantitative risk

evaluation.

39 .H .3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

site inspection and a sample analysis. An inspection of the site revealed a

depression in the field that lacked vegetation. It was speculated that

contaminants may have caused the lack o-f vegetation.

39-2

. . ' ' \ . • ' • • '

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I



•"•Mini Chemical residue mformjtion consisted of <in<ilyticjl results for one

surface soil sample. This information *as obtained only for the top one

foot of soil; deeper soil borings vsere not conducted. Si/ice only a t'ace of

RGBs were detected and all other parameters v,ene below detection l imits,

there is no evidence to suggest th.it this site is contaminated.

It can be concluded that the data generated are adequate for

evaluation of this bite. The sampling analyses indicate that the si te does

not contain contaminants at levels that would be detrimental to human

health or to the environment.

I

I

I

I

fe-

ll

39..5 Preliminary Remedial Al ternat ives

* Preliminary Phase I screening results discussed in the previous sections

indicated that this -site does not contain contaminant levels that would result in

a negative environmental • impact. Therefore this site^ was not included in the,'

Phase II investigations. There wil l be no further evaluation of remedial

*alternat ives, and this site wi l l not be included in the FS.
" k •' '

39.6 Conclusions arid Recommendations ~

It can be concluded that the East Waterway site does not represent a

chemical exposure risk to human or wildl i fe receptors at the Refuge or at other

locations. No further evaluation is- recommended-for this site.'

39-3



Respectfully Submitted.

O'BRIEN t -CERE ENGINEERS. INC.

63,1

Cornelius B. Murphy, Jr . , Ph.D.
Senior ^'ice President
'O'Brieri I Gere Project Off icer

Prepared by:

Henry T. Appleton, Ph.D., Senior Toxicologist
Donald T. Bussey, Hydrogeologist
Steven R. Carver, P.E., Vice President
David R. Hill, Manager, OBG Laboratories
Swiatoslav W. Kaczmar, Ph.D., Managing Toxicologist
Cynthia M. Klevens, Project Engineer
Mark LaRue, Researcher
Richard G. Stromberg, Sr. Project Hydrogeologist
Matthew Traister, Research Engineer I

•:*

I

I
• /•

I
I

• 4.

i



REFERENCES

Adams, N.R. (FWS). Memorandum to Project Manager, Crab Orchard
NWR. Chemical Contamination on Crab Orchard Refuge. (Oct. 13,
1982). 41

Adams, W. Memorandum to Dr. James Edler. Hazardous Waste Sites on
Service Lands. (Oct. 17. 1983). 29

Adams, Wayne D. (U.S. DOI). Memorandum to John Ellis, Twin Cities.
PCB analyses - Fish Samples in Crab Orchard Lake. (May 30.
1984). 21

Adams, Wayne D. (U.S. DOI). Memorandum to James Gritman, U.S.
EPA. Sangamo Electric - Crab Orchard NWR. (May 24, 1984). 23

Adams, Wayne D. (U.S. DOI). Memorandum to John Ellis. Olin's
Testing for PCBs in the Sangamo Plant Area. (Jut. 17, 1984). T2 •

Adams, Wayne D, (U.S. DOI). Memorandum to D. Stalling, CNFPL,.
Soil and Water Samples - Sangamo - Marion. (Aug. 21, 1984). 8

Agency of Toxic Substances and Disease Registry (ATSDR), Acting
Director, Office of Health Assessment, Memorandum to Ms. L.
Fabinski, Public Health Advisor, EPA Region V, June 12, 1986.
Review of Raw and Finished Water Data, Crab Orchard National
Wildlife Refuge (SI-86-097).

American Association of Petroleum Geologists. Geological Vap. T965.

Arnett, G. Ray (U.S. FWS). Letter to Senator Alan Dixon. Presence
of PCBs in Crab Orchard Lake Ecosystem. (May 22. 1984). 50

ATSDR (1987). Draft Toxicological Profile for N-nitrosodiphenylarrine.
October 1987.

ATSDR (1987). Toxicological Profile for Selected PCBs. Agency for
Toxic Substances and Disease Registry. Draft. November 1987.

Bacci, E. and Gaggi, C. (1985). Polychlorinated Biphenyls in Plant
Foliage: Translocation or Volatilization from Contaminated Soils?
Bull. Environ. Contam. Toxico. 35:673-681.

Bandiera, S., Sawyer, T., Romkes, M., Zmudzka, B., Safe, L.,
Mason, G., Keys, B., and Safe, S. Polychlorinated dibenzofurans
(PCDFs): effects of structure on binding to the 2,3,7,8-TCDD
cytosolic receptor protein, AHH induction and toxldty. Toxicol.
(1984).32:131-144

Bell, Charles R. (Illinois EPA). Memorandum to Ira Mark wood. Crab
Orchard Lake Sampling. (May 25, 1984). 22

,„,.."'



Bell, Charles R. (USEPA, FOS-DPWS, Springfield). Memorandum to
Joseph E. Stuart, U.S. EPA, FOS-DPWS, Marion. Williamson
County - Crab Orchard Refuge PWS; Facility No. 1997037. (Aug.
8, 19M).

Beyer, W.N., Chaney, R.L., and B.N. Mulhern. 1982,. Heavy Metal
Concentrations in Earthworms from Soil Amended with Sewage
Sludge. J. Environ. Quality. 11:381-385.

Boice, Richard (USEPA Region V). Utter to R. Ruelle, U.S. FWS.
Phase I Data QA/QC comments. Crab Orchard Rl. (Feb. 18, 1987).

Bradlaw, J.A., Carthoff, L.H.. and Hurley, N.E. Comparative
induction of aryl hydrocarbon hydroxylase activity in vitro by
analogues of dibenzo-p-dioxin. Fd. Cosmet. Toxicol. (1980).
18:627-635.

Bruckner, J.V., Khanna, K.L and Cornish, H.H (1974). Effect of
Prolonged Ingestion of Polychlorinated Biphenyls on the Rat. Fd.
Cosmet. Toxicol. V12:323-330.

Bush, B., Shane, L.A., Wilson, L.R. Barnard, E.L. and Barnes, D.
(1986). Uptake of Polychlorinated Biphenyl Congeners by Purple
Loosestrife (Lythrum salicaria) on the Banks of the Hudson River.
Arch. Environ. Contam. Toxicol. 15:285-290.

Byram, Scott. Memo to File. Crab Orchard National Wildlife Refuge -
Sangamo Dump. TDD No. R5-8308-6. (Sep. 21, 1983). 31

Byram, S. Ecology 6 Environmental. Potential Hazardous Waste Site -
Site Inspection Report. (Oct. 3, 1983). 48

Callahan, M.A. et al. Water Related Environmental Fate of 129 Priority
Pollutants, VI. EPA-440/4-79-0292. (Dec., 1979).

Carlson, Richard J. (IEPA). Letter to Wayne Adams, FWS. Notice of
Sealing of Site. (May 16, 1984). 24

CDC/ATSDR (1987) Toxicological Profile for Selected PCBs. Agency for
Toxic Substances and Disease Registry. Draft. November 1987.

Chew, R.M. (1965). Water Metabolism of Mammals. In Mayer, W.V. and
R.C. VanCelder. Physiological Mammalogy, V.2. pp. 43-176.
Academic Press. New York.

Chu, C.K., Stella V.J. Bruckner, J.V. and Jiang, W.D. (1977).
Effects of Long-Term Exposure to Environmental Levels of
Polychlorinated Biphenyls on Pharmacokinetics of P'entobarbital in
Rats. V.66, N.2:238-241 (February, 1977).

Clement Associates, Inc. (1985). Chemical, Physical, and Biological
Properties of Compounds present at Hazardous Waste Sites, Final
Report to U.S. EPA, Arlington, Va. (Sep. 27, 1985).



S Contract Laboratory Program for Organic Analysis - Multimedia,
Multlcomponent, see USEPA citations.

\ Cordle, F., R, Locke, and J. Springer. 1982. Risk Assessment in a
• Federal Regulatory Agency: An Assessment of Risk Associated with

"•««'•• the Human Consumption of some Species of Fish Contaminated with
5 Poly chlorinated Biphenyls (PCBs). Environ. Health Per spec:.
? 4:171-182.

'I Daniels, W. and Kramkowskl. R. (1986). Health Hazard Evaluation
' Report, National Institute for Occupational Safety and Health.

HETA 85*334-1676, Olin Corp., Marlon, Illinois. (Mar., 1986).

Davis, S.N. and Dewiest, R.J. (1966). Hydrogeology. John Wiley &
Sons.

Dawson, J.P. (Olin Corporation). Memorandum to L. A. Krause.
Chlorinated Biphenyls - Marion, Wipe Samples. (Aug. 7, 1984).

Deifenbach, Russ (Dept. of Health and Human Services). Memorandum
to Louise A. Fabinski, EPA Region V. Occupational Health Hazard
- Olin Corporation, Crab Orchard NWR, Marion, Illinois. (Apr.
14, 1985).

Envirodyne Engineers, Inc. PCS Profile of "I" Area. Prepared for Olin
Corporation. (Aug. 1984).

•

Envirodyne Engineers, Inc. PCB Profile of Three Locations in Area "I".
Prepared for Olin Corporation. (Aug. 1984).

« ' Fink L. (1987) Telephone conversation between Larry Fink, Chemist,
USEPA Region V, Crosse Isle, Ml, and Henry Appleton, Senior
Scientist, O'Brien G Cere, Syracuse NY. Nov. 3, 1987.

Fink L. E. (1986). Risk Assessment Calculations for PCBs in Crow
Island Dredged Material. Great Lakes National Program Office,
Crosse Isle Ml. Oct. 1986.

Fisher J.B., R.L. Petty and W. Lick. (1983). Release of
Polychlorinated Biphenyls from Contaminated Lake Sediments: Flux
and Apparent Diffusivities of Four Individual PCBs. Environ.
Pollution (series B) 5:121-132.

Forbis, Leanne (Analytical Bio-Chemistry Laboratories, Inc.). Letter to
Glen Clarida, U.S. EPA-DLPC, Marion, Illinois. PCB Analysis in
Catfish. (Jun. 15, 1984). 16

Frankland, Les. Memorandum to Bob Cole. Transmittal of Results from
1981 Deer Sampled at Crab Orchard Lake Wildlife Refuge. 51
samples. (Jul. 9, 1984). 54

Frankland, Les (Illinois DOC). Memorandum to Matt Rice, FWS. Crab
Orchard Lake Synopsis. (Aug. 21, 1984). 46



Frye, J.C. Outline of Glacial Geology of Illinois and Wisconsin,
Quaternary of the United States, Princeton, NJ. (1965)

Glfford, Michael A. (Ecology 6 Environmental, Inc.). Memorandum to
File. Illinois/TDD R5-8308-06A; Crab Orchard National Wildlife
Refuge/Sangamo Dump. (Apr. 5, 1984). 27

Grltman, James C. Letter to Dr. David Kenney. Results of Contaminant
Analyses on Soil and Fish Samples from Crab Orchard National
Wildlife Refuge, sampled Sept. 1982 (No date). 56

Gritman, James C. (U.S. FWS, Twin Cities, Mn). Letter to Valdas V.
Adamkus, USEPA, Chicago, IL Hazardous Waste Site at Crab
Orchard NWR. (Jun. 1, 1984). 18

Gross, M.L. (Univ. of Nebraska). Letter to R. Ruelle, FWS. PCDD
and PCDF Data. (Aug. 26, 1983). 33

Gross, M. (Univ. of Nebraska). Analysis of Polychlorodibenzo-p-dioxin
(PCDD) and Polychlorodibenzofuran (PCDF) in Soil Samples. (Oct.
7, 1983). 30

Guyton, A.C. (1947). Measurement of the Respiratory Volumes of
Laboratory Animals. American Journal of Physiology 150:70-77.

Harbison, R.D., R.C. James, and S.M. Roberts. (1987). Biological
Data Relevant to the Evaluation of Carcinogenic Risk to Humans.
Prepared for the Scientific Advisory Panel, Safe Drinking Water
Enforcement Act, State of California. (August, 1987). University
of Arkansas School of Medicine, Little Rock, Arkansas. See Exhibit
C.

Hawley, J.K. (1985). Assessment of Health Risk from Exposure to
Contaminated Soil. Risk Analysis V.5:289-302.

Hileman, B. (1988). The Great Lakes Cleanup Effort. Chemical 6
Engineering News. Washington D.C. (February 1988).

Hill, DR. (1988). Conversation with H.T. Appleton, O'Brien 6 Gere,
Syracuse. NY, May 31, 1988.

Hite, R. L. and King, M. Biological Investigation of the Crab Orchard
Creek Basin, Summer 1975. Illinois Environmental Protection
Agency. (Apr. 1977). 44

Hlte, Robert L. (EPA-DWPC). Letter to Richard Ruelle, FWS. PCB
Monitoring in Crab Orchard Lake. (May 8, 1984). 25

Hite, Robert L. and Martin H. Kelly. Staff Report. Poly chlorinated
Biphenyl Monitoring, Crab Orchard Lake, 1983. (May 1984). 5

HSDB (1987) Hazardous Substances Data Bank. N-nitrosodimethylamine.
National Library of Medicine. Bethesda, MD.



Huckins. Jim. (U.S. DOI-FWS). Letter to Wayne Adams, CONWR.
Results of Crab Orchard Sample Analyses from Area 11. (Sep. 18
1984). 45

Hurley, J. (IEPA, DPWS). Report to J. B. Tolson (U.S. Fed.
Penitentiary - Marlon). Trihalomethane Analysis Report. (May 8
1984). 51

Hwang S.T., Falco J.W. and Nauman C.H. (1986). Development of
Advisory Levels for Poly chlorinated Biphenyls (PCBs) Cleanup.

ICF Incorporated. (1985). Superfund Health Assessment Manual, Draft,
Washington, D.C., EPA Contract No. 68-01-6872. (May 22, 1985),,

Illinois DOA. Memorandum to Les Frankland, IL DOC. Toxicology
Report on Fish. (Apr. 4, 1983). 36

Illinois Department of Public Health Monitoring Data for Crab Orchard
Lake (1976-1987). Transmittal from R. Boice to O'Brien S Cere,
November 2, 1987.

Illinois Environmental Protection Agency. Staff Report. Biological and
Water Quality Survey of Crab Orchard Creek in Vicinity of Marion
Wastewater Treatment Plant, Marion, Illinois, 1979 and 1980. (Jul.
1981). 42

Kelly, M.H. and Hite, R.L. Chemical Analysis of Surficial Sediments
from 63 Illinois Lakes, Summer 1979. Illinois Environmental
Protection Agency. (1981). 43

Kelly, M.H. and Hite, R.L. Evaluation of Illinois Stream Sediment Data:
1974-1980. Illinois Environmental Protection Agency. (Jan. 1984).

Kenney, David (IL DOC). Letter to J. Critman, FWS. Fish Sample
Analysis Report for Crab Orchard Lake. (Apr. 18, 1983). 53

Kimbrough, R.D., Linder, R.E. Cains, T.B 91972). Morphological
Changes in Livers of Rats Fed Polychlorinated Biphenyls. Arch.
Environ. Health V.25:354-364:

Krause, L.A. (Olln Corporation). Memorandum to A. Heinz.
Polychlorinated Biphenyl Study - Marion, Preliminary Report. (Jul.
20, 1984).

Linder, R.E. Cains, T.B., Kimbrough, R.D. (1972). The Effect of
Polychlorinated Biphenyls on Rat Reproduction. Fd. Cosmet.
Toxicol. V.I2:63-77.

Lindsay, W.L. Chemical Equilibrium in Soils. John Wiley * Sons. (1979).

Litterst, C.L., Farber, T.M., Baker, A.M. and Van Loon, E.J. (1972).
Effect of Polychlorinated Biphenyls on Hepatic Mlcrosomal Enzymes
in the Rat. Toxicology and Applied Pharmacology. 23:112-122.



Newell A.J., D.W. Johnson, and U.K. Allen. (1987). Niagara River
Biota Contamination Project: Fish Flesh Criteria for Piscivorous
Wildlife. NYS Department of Environmental Conservation
Publication. (July 1987). Albany NY.

Norback D.H. and R.H. WeJtman (1985). Polychlorinated Biphenyl
Induction of Hepato-Cellular Carcinoma in the Sprague-Dawley Rat.
Environ. Health Per spec t. 60:97-105.

NYS Department of Environmental Conservation. Superfund and
Contract Laboratory Protocol. (Jun. 1986).

O'Brien ( Cere Engineers, Inc. Letter to John N. Hanson, Esq.,
Beveridge S Diamond. Diefenbach's Memo on Occupational
Exposure to PCBs. (Apr. 22, 1985).

O'Brien S Cere Engineers, Inc. Scope of Work. Remedial
Investigation/Feasibility Study. Crab Orchard National Wildlife
Refuge. (Jun. 1985).

O'Brien & Cere Engineers, Inc. Work Plan. Remedial
Investigation/Feasibility Study. Crab Orchard National Wildlife
Refuge. (Jun. 1985).

O'Brien S Cere Engineers, (nc. Work Plan Supplement. Remedial
Investigation/Feasibility Study. Crab Orchard National Wildlife
Refuge. (Dec. 1985).

O'Brien S Cere Engineers, Inc. Work Plan Supplement. Phase II.
Remedial Investigation/Feasibility Study. Crab Orchard National
Wildlife Refuge. (Nov. 1986).

O'Brien S Cere Engineers, Inc. Quality Assurance Project Plan.
Revistan 4. Remedial Investigation/Feasibility Study, Crab
Orchard National Wildlife Refuge. (Nov. 1986).

O'Brien S Cere Engineers, Inc. Draft Site Investigation Report.
Remedial Investigation/Feasibility Study. Crab Orchard National
Wildlife Refuge. (Feb. 1987).

O'Connor, Harold J. (USFWS, Wash. DC). Memorandum to D.
Rosen be rger, U.S. FWS/RCA. Lead Contamination of White-Tailed
Deer at the Crab Orchard National Wildlife Refuge, Illinois. (Jun.
22, 1984). 15

O'Toole, Michael (USEPA). Memorandum to Russell Die fen bach. Crab
Orchard Creek National Wildlife Refuge, Marlon, Illinois Trip
Report. (Jul. 21, 1983). 52

O'Toole, Michael {USEPA, Chicago). Letter to D. Stalling, CNFRL.
Transmittal of Fish S Sediment Analysis. (Jul. 17, 1984). 11

O'Toole, Michael (USEPA, Chicago). Memorandum to File. Sampling
Effort at the Sangamo Dump on Aug. 15, 1984. (Sep. 17, 1984). 9



Paladino, Pete (IL DOC). Memorandum to Mike Carter. Contaminant
Sampling of Crab Orchard Lake.

Palmer, E.L and Fowler, H.S. (1975). Fieldbook of Natural History,
Second Ed., McCraw Hill Co., New York.

Paustenbach, D.J., Shu, H.P., and Murray, F.J. Critical Assumptions
In Risk Assessment of Soil Contaminated with 2,3,7,8-TCDD
(Dioxin). From Workshop on Assessing Risks from Chemical
Contaminants in Soil. Andover, MA (May 8, 1986).

Porter, J. Winston (USEPA). Memorandum to EPA Regional
Administrators, Regions I-X. Interim RCRA/CERCLA Guidance on
Non-Contiguous Sites and On-Slte Management of Waste and
Treatment Residue. (Mar. 27, 1986).

Redmon, Walter L. (U.S. EPA Reg. V) Memorandum to Kenneth Ferner.
Trip Report - Meeting at Crab Orchard National Wildlife Refuge on
Contamination of the Refuge with PCBs, Lead and Other Chemicals.
(Aug. 11, 1983). 47

Registry of Toxic Effects of Chemical Substances (RTEC). NIOSH.
(June, 1983).

Ruelle, D. (1987). Telephone conversation between D. Ruelle, U.S. FWS
Project Director, Rock Island, IL and H. Appleton, Senior
Scientist, O'Brien S Cere, Syracuse, NY. December 110, 1987.

Ruelle, Richard (USFWS). Letter to C.B. Murphy, OBC Engineers.
Comments to Draft Rl Report. (Jun. 9, 1987).

Ruelle, Richard (FWS). Report to Refuge Manager. Mercury Levels in
Crab Orchard Lake Largemouth Bass. (Feb. 1983). 38

Ruelle, Richard (FWS). Report to Refuge Manager. Survey for Lead
on Crab Orchard National Wildlife Refuge. (Feb. 1983). 39

Ruelfe, R. and Adams, R. (FWS) Survey for Polychlorinated Biphenyls
In Some Abandoned Industrial Dumps and in Lake Sediments on
Crab Orchard National Wildlife Regue. (Apr. 1984). 28

Ruelle, Richard (FWS). Memorandum to List. RI/FS Crab Orchard
NWR. (Jul. 11, 1984). 13

Ruelle, Richard and Ross Adams (FWS). Survey for Metals in Deer
Livers, and in Soils and Vegetation in Abandoned Industrial Dumps
on Crab Orchard National Wildlife Refuge. (Jul. 1984).

Safe, S., Bandiera, S.. Sawyer. T., Zmudzka, B., Mason, G.,
Romkes, M., Denomme, A., Sparling, J., Okey, A,.B., Fujita, T.
Effects of Structure on Binding to the 2,3,7,8-TCDD Receptor
Protein and AHH Induction - Halogenated Biphenyls. Environ.
Health Perspec. (1985). 61:21-34.



Sawyer, T. and Safe, S. PCB Isomers and Congeners: Induction of
Aryl Hydrocarbon Hydroxylase and Ethoxyresorufln o-Deethylase
Enzyme Activities in Rat Hepatoma Cells. Toxicol. (1982). Lett
13:87-94.

Sawyer, T.W., Safe, S. In Vitro AHH Induction by Polychlorinated
Biphenyl and Dlbenzofuran Mixtures: Additive Effects.
Chemosphere. (1985). 14:79-84.

Sawyer T.W., Vatcher, A.D., Safe, S. Comparative Aryl Hydrocarbon
Hydroxylase Induction Activities of Commercial PCBs in Wistar Rats
and Rat Hepatoma H-4-II E cells in culture. Chemosphere. (1984).
13:695-701.

Schmidt, C.J. (1985). National Pesticide Monitoring Program. Arch.,
Environ. Contam. Toxicol., 14:225-60. As reported in ATSDR
(1987).

Shawney, B.L and Hankin, L. (1984). Plant Contamination by PCBs
from Amended Soils. J. Food Protection, V.47, N.3:232-236
(March, 1984).

Skea J.C., H.A. Simonin, E.J. Harris et al. 1979. Reducing Levels of
Mirex, Aroclor 1254, and DDE by Trimming and Cooking Lake
Ontario Brown Trout and Small Mouth Bass, Creak Lakes Res.
5:153-159.

Stalling, D. L. Memorandum to ECL Specialist Region III. Dibenzofuran
and Dioxin Residues in PCB contaminated Crab Orchard soil.
(Sep. 9, 1983). 32

Stalling, David L. Memorandum to Dick Ruelle, Reg. Ill, RCA
Specialist. Quality Control/Quality Assurance Statement for Crab
Orchard RFP. (Sep. 24, 1984). 7

Suzuki,* M., Aizawa, N., Okano, C. and Takahashi, T. (1977).
Translocat/on of Polychlorinated Biphenyls in Soil into Plants: A
Study by a Method of Culture of Soybean Sprouts. Arch. Environ.
Contam. Toxicol. 5:343-352.

Thomas, Bob (DWPC). Memorandum to Jim Frank, DLPC. PCBs in
Crab Orchard Lake/Sangamo Electric Company Inactive Dump Site.
(May 4, 1984). 26

Updike, Gerald H. (FWS). Memorandum to John Ellis, Crab Orchard
NWR. Hazardous Waste Site Cleanup Meeting Notes. (Jul. 1,
1984). 49

U.S.D.A. (United States Department of Agriculture). Big Muddy River
Comprehensive Basin Study, Appendix K, Agriculture. (1968).

U.S.D.A. Soil Conservation Service. Williamson County Soils, Urbana,
Illinois. (1959).



USEPA (1980). Ambient Water Quality Criteria for Polychlorlnated
Blphenyls. Washington, DC. (Oct., 1980). 881-117798.

USEPA (1984). Remedial Response Program. Hazardous Waste Site
Listed Under CERCLA. (Jun. 15, 1984). 17

USEPA. (1984). Health Effects Assessment for Lead. ECAO-CIN-H055.
Cincinatti, OH. (Sep., 1984).

USEPA (1985). Contract Laboratory Program Caucus Protocol -
Multimedia, Multicomponent. (Jan., 1985).

USEPA (1985). Guidance on Remedial Investigations under CERCLA.
Prepared for the Hazardous Waste Engineering Research Laboratory
(Office of Research and Development) and Offices of Emergency
and Remedial Response, and Waste Programs Enforcement (Office of
Solid Waste and Emergency Response). (May, 1985).

USEPA (1985). Reference Values for Risk Assessment. First Draft.
ECAO-CIN-477. Environmental Criteria and Assessment, Cincinnati,
OH.

USEPA (1986). Superfund Exposure Assessment Manual, Draft. Office of
Emergency and Remedial Response, U.S. Environmental Protection
Agency. Washington DC. 20460. January, 1986.

USEPA/600/6-86/002 (May 1986). Office of Research and Development.
U. S. Environmental Protection Agency. Washington DC 20460.

USEPA (1986). Development of Advisory Levels for PCBs Cleanup.
(May, 1986)

USEPA (1986). Health and Environmental Effects Profile for Phthalic
Esthers. ECAO-CIN-P188. (Sep.. 1986).

USEPA (1986—) Health and Environmental Effects Profile on
Nitrosamines. March 1986. ECAO. Cincinnati OH.

USEPA (1987). Memorandum from L.M. Thomas to Administrators and
General Counsel. Interim Policy for Assessing Risks of Dioxins
Other Than 2,3.7,8-TCDD. (Jan. 7, 1987).

USEPA (1987). Drinking Water Criteria Document for Polychlorinated
Biphenyls (PCBs). Prepared by the Environmental Criteria and
Assessment Office, U.S. EPA, Cincinnati. OH. May 1987.
ECAO-CIN-U14

USEPA (1987). OHEA Documentation of ADIs, qs, and Associated
Relevant Data. Environmental Criteria and Assessment Office,
Cincinnati, OH.

USEPA (1988). Risk Assessment for Dioxin Contamination, Midland,
Michigan, Region V. Chicago, IL. EPA-905/1-88-005.



USEPA/Clement Associates, Inc. Chemical, Physical, and Biological
Properties of Compounds present .at Hazardous Waste Sites. See
Clement Associates, Inc.

USEPA-DLPC, Illinois Memorandum. Proposed sampling of public water
supplies. (May 31, 1984). 19

J USEPA/ICF Inc.. Super fund Health Assessment Manual, Contract No.
68-01-6872. See ICF Incorporated.

I VJ"
j Vleck, D. (1979). The Energy Cost of Burrowing by the Pocket Gopher

(Thomomys bottae). Physiological Zoology V.52:122-136.

' Williams, C.M., and Weisburger, J.H. Chemical Carcinogens. Casarett
and Doull's Toxicology. 3rd ed. C.D. Klassen, M.O. Amden and J.
Doull. eds. MacMIIIan Publishing Co. New York, N.Y. (1986).

Wolf, Greg (USFWS). Memorandum to Files. Historical Summary of
: Contaminants on CONWR. (May 31, 1984). 20

) Woolf, Alan et al. Regional Variation in Metals in Uvers of White-Tailed
? Deer in Illinois. Trans. III. State Academy of Science. (Jan.,

1983). 1, 2:305-310. 10

Zabik M.E., P. Hoojjat, and C.M. Weaver, 1979. Polychlorinated
Biphenyls, Dieldrin, and DDT in Lake Trout, Cooked by Broiling,
Roasting, or Microwave. Bull, Environ. Contam. 6 Toxicol.
21:136-143.

, , Zabik, M.E., C. Merrill, and M.J. Zabik. 1982. PCBs and other
Xenobiotics in Raw and Cooked Carp. Bull, Environ. Contam.,
Toxicol. 28:710-"'15.

10



REMEDIAL INVESTIGATION REPORT

CRAB ORCHARD NATIONAL WILDLIFE REFUGE-

ATTACHMENT 1

MONITORING PLAN



TABLE OF CONTENTS

SECTION 1 - INTRODUCTION

1.01 Purpose 1
1.02 General Background 1

SECTION 2 - SAMPLING PLAN

2.01 Sample Types 3
2.02 Sampling Procedures 4

2.02.1 Surface Water 4
2.02.2 Lake Water Columns 5

2.3 Sample Control 6
2.03.1 Sample Containers and Preservation 6
2.03.2 Sample Shipment and Chain of Custody 6

SECTION 3 - ANALYTICAL PROTOCOLS, QUALITY ASSURANCE AND
CONTROLS

3.01 Calibration Procedures 8
3.01.1 Equipment 8
3.01.2 Standards 8
3.01.3 Records 8

3.02 Analytical Procedures 9
3.03 Internal Quality Control 9

3.03.1 Analytical Procedures and Laboratory 9
Quality Control 9

3.03.2 Field Control and Preventive Maintenance 10
3.04 Data Assessment and Validation 10
3.05 Data Reporting 11

SECTION U - SITE SPECIFIC MONITORING PROGRAMS

4.01 Site 10 and Site 11: Waterworks Drainage Channels 12
4.01.1 Site Descriptions 12
4.01.2 Baseline Parameters 12
4.01.3 Monitoring 12

4.02 Site 14: Area 14 Solvent Storage Ditch 13
4.02.1 Site Description 13
4.02.2 Baseline Parameters 13
4.02.3 Monitoring 13

4.03 Site 16: Area 7 Industrial Site Ditch 14
4.03.1 Site Description 14
4.03.2 Baseline Parameters 14
4.03.3 Monitoring '5

4.04 Sites 25, 26 and 27: Crab Orchard Creek 15
4.04.1 Site Descriptions 15
4.04.2 Baseline Parameters 15
4.04.3 Monitoring 16



TABLE OF CONTENTS
(Continued)

Paige

SECTION 4 - SITE SPECIFIC MONITORING PROGRAMS - (Continued)

4.OS Site 34: Crab Orchard Lake 16
4.05.1 Site Description 16
4.05.2 Baseline Parameters 17
4.05.3 Monitoring 17

TABLES

1 List of Monitoring Study Sites
2 Sample Preservation and Containers
3 Analytical Methods
4 Quality Assurance Requirements
5 Sites 10 and 11 Baseline Concentrations In Water
6 Site 14 Baseline Concentrations In Water
7 Site 16 Baseline Concentrations In Water
8 Sites 25, 26 and 27 Baseline Concentrations In Water
9 Sites 34 Baseline Concentrations In Water

FIGURES

1 Chain of Custody Form
2 Sites 10 and 11: Rl and Monitoring Plan Sampling Locations
3 Site 14: Rl and Monitoring Plan Sampling Locations
4 Site 14: Additional Rl Sampling Locations
f> Site 16: Rl and Monitoring Plan Sampling Locations
(5 Sites 25, 26 and 27: Rl and Monitoring Plan Sampling Locations
7 Site 34: Rl and Monitoring Plan Sampling Locations



SECTION 1 - INTRODUCTION

1.01 Purpose

This Monitoring Plan has been developed to provide the specifica-

tions for periodic routine monitoring surface waters at the Crab Or-

chard National Wildlife Refuge (CONWR). The purpose of this monitor-

ing program is to ensure that water quality at CONWR does not deviate

significantly from the conditions observed during the Remedial Inves-

tigation.

Quarterly reports presenting the results of the site monitoring will

be prepared and filed at the Refuge headquarters. The quarterly

reports are described in Section 3.05. Monitoring activities should

continue for a period of thirty years or through the duration of active

industrial operations at the Refuge.

1.02 General

The Crab Orchard National Wildlife Refuge is owned by the U.S.

government and is currently administered by the U.S. Fish and Wildlife

Service (FWS). During the past 40-50 years, several industrial tenants

have leased land on the eastern portion of the refuge for manufacturing

operations. Some industrial tenants have continued their operations on

the eastern area, while the western portion of the refuge is a popular

recreation area. Public access to the refuge is limited to authorized

personnel on the eastern portion. A remedial investigation (Rl ) of 33

study sites at the refuge was completed in 1988 to evaluate the the

existing conditions of Refuge sites, tributaries of Crab Orchard Lake

and Crab Orchard Lake, a drinking water supply for the refuge. Six



sites were carried forward to a Feasibility Study evaluation of remedial

alternatives due to the presence of some contaminants in soil or sedi-

ments. Eight sites (Table 1) were recommended for monitoring of

surface waters due to their proximity to active industrial operations.

Section 4 details the site specific monitoring locations and parameters

for these eight monitoring sites.



SECTION 2 - SAMPLING PLAN

2.01 Sample Types

Surface water is the media of interest for the purposes of this

Monitoring Plan. Waters from surface streams and Crab Orchard Lake

will be sampled.

For the most part, all samples will be obtained as single grab

samples. However, at some sites, composite samples will be prepared.

The compositing procedure to be followed is discussed under the

sampling procedures described below for each type of surface water-

that is to be sampled.

Field blanks, field duplicates and matrix spikes/matrix spike

duplicates (MS/MSD) will also be collected or prepared as part of the

quality assurance and quality control (QA/QC) requirements outlined in

Section 3.

The number of samples to be collected for each of these categories

will be dependent on the total number of samples to be collected. A

description of each type of QA/QC sample follows. Field duplicates are

two distinct samples taken from the same location at similar times using

identical sampling equipment that has been decontaminated in a similar

manner. One field duplicate will be collected for every ten samples

collected. Field blanks for surface waters will be prepared using

ultrapure distilled/dionized water. The field blank sample will be

placed into the appropriate decontaminated sampling equipment, removed

from the equipment and then placed into the proper sampling contain-

ers. One field blank will be collected for every twenty samples collect-

ed. Matrix spike (MS) samples are collected following the sampling



procedure for the matrix being investigated using the same procedure

as for the field duplicate samples. Samples tagged as spikes will be

treated with matrix spiking solutions in the laboratory and will be

analyzed in duplicate (MS/MSD). One matrix spike sample will be

collected for every twenty samples.

2.02 Sampling Procedures

2.07.01 Surface Water

Surface water samples should be taken from 2 to 5 (or more)

points spaced equally across the width of the stream,, seepage, or

pond. The specific number of points may be determined in the

field and should be adequate to accurately reflect the size of the

body of water being sampled. At each point, subsamples should

be collected, representative of the total depth of the body of

water. The subsamples may then be composited into a single

sample for analysis, dependent upon the intent of the sampling

program. For small shallow streams, a single sample collected just

below the surface at the stream's midpoint may be adequate for

sampling and analyses purposes.

Whether samples are obtained from a boat, a bridge, or by

wading into the water body, samples should be taken while facing

upstream, away from the influent of the sampler or stream flow.

Collection is accomplished by submerging a predeaned, prela-

beled container at the sampling point to the depth required.

Sampling containers should be preserved with the appropriate

preservatives as detailed in Table 2. Container types are also

specified in Table 2 for the different analyses required. For deep



streams, or deep ponds, a Kemmerer, Van Dorn or other sampler

specifically designed for this purpose may be used. For shallow

(I.e. less than three feet deep) locations, an inverted sample

container may be carefully submerged by hand and then slowly

allowed to fill.

Samples should be stored in an insulated ice cooler at 4

degrees Celsius. All pertinent information should be recorded in

the sampling log book and chain of custody forms, including

sample collection date, location and identification.

2.02.02 Lake Water Columns

A composite column water sample from Crab Orchard Lake will

be obtained as follows: discrete samples from the surface,

mid-depth and approximately six inches from the bottom will be

taken using a stainless steel Kemmerer, Van Dorn or other sampler

specifically designed for this purpose. The sampling device will

be decontaminated and rinsed with the water to be sampled prior

to each sample collection.

Equal aliquots from each of the three depth;; at each site

should be composited in the proper precleaned, prelabeled, pre-

served containers as necessary for the analyses to be completed.

The samples should be stored in an insulated ice cooler at U de-

grees Celsius. All pertinent information should be recorded,

including sample collection date, location and identification in the

sampling log book and chain of custody forms.



2.03 Sample Control

2.03.01 Sample Containers and Preservation

Sample containers, sample preservation and filling instructions

may be different for each type of analysis that is to be performed.

Care must be taken to utilize the correct sample container(s) and

preservative(s) to ensure the Integrity of the samples. Table 2

provides a listing of the sample preservatives and the sample

containers to be utilized. Sample containers will be supplied by

the contract laboratory. The collected samples will be kept out of

direct sunlight and, after decontamination and labeling, will be

placed in coolers for shipment to the contract laboratory.

2.03.02 Sample Shipment and Chain of Custody

Samples will be packed and labelled according to DOT regu-

lations and protocols. Samples will be shipped via a 24 hour

delivery service to the contract laboratory so that the samples can

be extracted within allowable time limits.

Chain of custody procedures must be followed closely to

ensure that an accurate record of the collection, transport, analy-

sis and disposal of the sample(s) is documented, """he chain of

custody procedures include field custody, laboratory custody and

evidence files and conform with the procedures outlined in NEIC

Policies and Procedures (EPA-3309-78-001-R).

Samples are accompanied by a field chain of custody record

(Figure 1). When transferring the possession of samples, the

individuals relinquishing and receiving will sign, date and note the

time on the record. This procedure documents sample custody

transfer. Samples will be packaged with a separate custody record

6 .



accompanying each shipment. All shipments will be accompanied by

the field chain of custody record identifying its contents. The

original record will accompany the shipment and a copy of the

original record will be retained by the Project Coordinator.

Whenever samples are split with a source or government

agency, it is noted in the "Remarks" section of the custody re-

cord. The note indicates with whom the samples are being split

and is signed by both the sampler and recipient. If either party

refuses a split sample, this will be noted and signed by both

parties. The person relinquishing the samples to the facility or

agency should request the signature of a representative of the

appropriate party, acknowledging receipt of the samples. If a

representative is unavailable or refuses to sign, this; is noted in

the "Remarks" space. When appropriate, as in the case where the

representative is unavailable, the custody record shou'd contain a

statement that the samples were delivered to the designated lo-

cation at the designated time.

If the samples are sent by mail, the package will be regis-

tered with return receipt requested. If sent by common carrier, a

Government Bill of Lading will be used. Air freight shipments are

sent collect. Freight bills. Post Office receipts and Bill of Lading

will be retained as part of the permanent documentation.

All documents and raw data from the individual laboratories

performing specific analysis will be transferred at the end of the

monitoring period to the Refuge Manager for the Ff'sh and Wildlife

Service, CONWR for safekeeping for a period of ten years.



SECTION 3 - ANALYTICAL PROTOCOLS, QUALITY ASSURANCE AND

CONTROLS

A brief discussion of analytical protocols, quality assurance and

control procedures follows.

3.01 Calibration Procedures

3.01.01 Equipment

Generally, alt field equipment will be calibrated in accordance

with the manufacturer's instructions. Any field equipment that is

not covered by the investigator's standard operating procedure

will have a specific calibration and operation instruction sheet

prepared for it.

3.01.02 Standards

Standards may be generally grouped into two classifications:

primary and secondary. Primary standards include USP drugs,

NBS and ASTM materials, and certain designated EPA reference

material. All other standards are to be considered secondary. No

testing of primary standards is necessary. Secondary standards

will be examined when first received, and less stable standards

will be rechecked at appropriate intervals, usually six months to

one year.

3.01.03 Records

A records book will be kept for each standard. Each record

will include name and date received, source, code or lot number,



purity, testing data, special storage requirements and storage

location. Records will be kept on each instrument requiring

calibration, to record all activities associated with maintenance, QA

monitoring and repairs program.

3.02 Analytical Procedures

The analyses and methods detection limits for analytical parameters

are given in Table 3. When analyzing samples by the listed stan-

dardized methods, the accuracy or precision of the data generated by

the laboratory is determined through analyses of replicates, spiked

samples, synthetic reference standard samples, and field and laboratory

blanks along with each set of samples. Any interference is identified

and documented. The required QA/QC samples to be collected are

specified in Section 2. ,

3.03 Internal Quality Control

3.03.01 Analytical Procedures and Laboratory Quality Control

The quality control objectives for the monitoring analytical

program are listed in Table 4. The frequency of replicate sam-

ples, spiked samples, reference samples and blanks, as well as

control limits for acceptability are identified in this table.

Quality control data, which includes the analysis of EPA

standard reference materials to verify initial calibration of non-CLP

analysis, and reports of blanks, duplicates and spiked samples will

be included with each package. The laboratory selected to per-

form the analytical procedures for this monitoring program wil l be

certified by the appropriate State and Federal Agencies. The



laboratory should participate and meet acceptance criteria estab-

lished by the Illinois inter-laboratory QA/QC programs for analyses

of split samples and spiked standards.

3.03.02 Field Control and Preventive Maintenance

Field sampling crews will be under the direct supervision of a

crew chief. Records will be used to document the collection of

each sample.

Preventive maintenance procedures will be carried out on all

field equipment in accordance with manufacturer's equipment manu-

als. Any field equipment that is not covered by the standard

operating procedures will have a specific maintenance instruction

sheet prepared for it.

3.0U Data Assessment and Validation

Data assessment will be based upon instrument tuning criteria,

duplicate samples, surrogate recoveries, matrix spikes and matrix spike

duplicates. Any data that should be rated as "unacceptable" or "pre-

liminary" will be identified. Corrective actions will be identified if

required.

Corrective action procedures are developed on a case- by-case

basis. These actions may include:

Reanalyzing samples if holding time requirements have not

been exceeded.

Altering field or handling procedures.

Resampling.

Using a different batch of sample containers.

10



Recommending an audit of laboratory procedures.

Accepting data with acknowledged level of uncertainty.

Discard data.

3,.05 Data Reporting

Each quarterly analytical data submission will contain QA/QC

sections that summarize data quality information. The reports will

include:

1. Discussion of accuracy, precision, completeness of data and

results of performance and system audit specified in Table 4.

2. Discussion of results of data assessment.

3. Data results.

4. Chain of custody forms.

11



SECTION 4 - SITE SPECIFIC MONITORING PROGRAMS

4.01 Site 10 and Site 11 : Waterworks Drainage Channels

4.01.01 Site Descriptions

Sites 10 and 11 receive various drainage channels leading

from active industrial operations within the Olin D and P Areas

prior to their discharge to Crab Orchard Lake. These channels

discharge near the Refuge Waterworks.

1.01.02 Baseline Parameters

Figure 2 depicts the surface water monitoring locations for

Sites 10 and 11. The parameters selected for surface water moni-

toring at the sites include cyanide, iron, magnesium, manganese,

mercury and phthalate esters. The results of the Rl sampling at

Sites 10 and 11 for the previously mentioned parameters are con-

tained in Table 5 and will serve as baseline concentrations for the

monitoring program at the sites.

fl.01.03 Monitoring

Locations 10-1 and 10-3 at Site 10 and locations 11-1 and 11-3

at Site 11 will be the surface water monitoring locations for the

two sites (Figure 2). Future monitoring at Sites 10 and 11 requires

that composite surface water samples be collected quarterly from

each location at each site. In addition, a full volatile and

semi-volatile scan will be run annually on composite surface water

samples collected from the four monitored locations at Sites 10 and

11. The samples should be collected and anal'yzed for the

12 .



parameters listed in Section 4.01.2 and in accordance with the

procedures outlined in Sections 2 and 3.

<.Q2 Site 14 ; Area 14 Solvent Storage Ditch

4.02.01 Site Description

Site 14 Is a drainage ditch adjacent to the active manufactur-

ing operations of Dlagraph-Bradley. The ditch receives run-off

from a manufacturing area where solvents are handled in bulk or

in drums. The ditch runs north, parallel to the road that is west

of the plant, and ultimately discharges to Crab Orchard Lake.

4.02.02 Baseline Parameters

Figure 3 and 4 depicts the surface water monitoring locations

for Site 14. The parameters selected for surface water monitoring

at the site include acetone, chloromethane, methylene chloride and

phthalate esters. The results of the Rl sampling at Site lu for

the previously mentioned parameters are contained in Table 6 and

will serve as baseline concentrations for the monitoring program at

the site.

4.02.03 Monitoring

Locations 14-1 and 14-4 at the Solvent Storage Area will be

the surface water monitoring locations for Site 14 (Figure 3 and

4). Future monitoring at Site 14 requires that grab surface water

samples be collected quarterly from each monitoring location at the

site. The samples should be collected and analyzed for the

13 •



parameters listed in Section 4.02.02 and in accordance with the

procedures outlined in Sections 2 and 3.

0.03 Site 16 : Area 7 Industrial Site

3.03.01 Site Description

Site 16 consists of a ditch within the Area 7 Industrial Site.

The Area 7 Industrial Site is comprised of 33 buildings over an

area of 55 acres which have been used for a variety of industrial

purposes during the last forty years. Three of the buildings are

used by Pennzoil in waste oil recovery and recycling operations

and two other buildings are used by a refurbisher of mining

equipment. The other buildings at the site are used for storage

purposes or are abandoned. The Site 16 drainage ditch runs from

south to north through the buildings and discharges to Crab

Orchard Lake.

4 .03 .02 Baseline Parameters

Figure 5 depicts the surface water monitoring locations for

Site 16. The parameters selected for monitoring at the site include

chloromethane, carbon tetrachloride. aldrin, dieldrin and

polynuclear aromatic hydrocarbons (PAH) in water. The results of

the Rl sampling at Site 16 for the previously mentioned parameters

are contained in Table 7 and will serve as baseline concentrations

for the monitoring program at the site.



4.03.03 Monitoring

Location 16-18 at the Area 7 Industrial Site will be the sur-

face water monitoring location for the site (Figure 5). Future

monitoring at Site 16 requires that composite surface water samples

be collected quarterly from the single monitoring location at the

site. This sample should be collected and analyzed for the param-

eters listed in Section 4.03.2 and in accordance with the proce-

dures outlined in Sections 2 and 3.

. 04 Sites 25, 26, 27: Crab Orchard Creek

a.03.01 Site Descriptions

Site 25 consists of the Crab Orchard Creek upstream and

downstream of the Marion Landfill as well as the adjacent pond.

The Old Marion Landfill is located adjacent to Crab Orchard Creek

on Old Creal Springs Road. This municipal landfill has been

inactive for a number of years. A 3/4 acre pond is located next

to the landfill.

Site 26 is located on Crab Orchard Creek downstream from

the Marion Sewage Treatment Plant.

Site 27 is located on Crab Orchard Creek downstream of

Interstate Route 57.

Sites 25 and 26 are not located within the boundaries of the

Refuge and are not under the management of the U.S. FWS. Site

27 is located on the Refuge.

4.0U.02 Baseline Parameters

Figure 6 identifies the surface water monitoring locations for

Sites 25, 26 and 27. The parameters selected for surface water
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monitoring at the sites include cyanide, magnesium, manganese,

TOC and TOX in water. The results of the Rl sampling at Sites

25, 26 and 27 for the previously mentioned parameters are con-

tained in Table 8 and will serve as the baseline concentrations for

the monitoring program at the sites.

4.04.03 Monitoring

Location 25-1, downstream of the municipal landfill location

and location 27-1, below the I- 57 dredge area, will be the surface

water monitoring locations for the sites (Figure 6). Future moni-

toring at Sites 25, 26 and 27 requires that composite surface water-

samples be collected quarterly from each monitoring location at

each site. The samples should be collected and analyzed for the

parameters listed in Section 4.04.2 and in accordance with the

procedures outlined in Sections 2 and 3.

4.05 Site 34: Crab Orchard Lake

a.05.01 Site Description

Site 34 is comprised of Crab Orchard Lake. This lake was

formed in 1940 by construction of a spillway across Crab Orchard

Creek. The lake has a surface area of 6,965 acres, an average

depth of 8-9 feet on the western portion and an average depth of

two feet on the eastern portion. The retention time is 0.8 years,

with a storage capacity of 72,525 acre-feet.

Water enters the lake through several creeks, including the

Crab Orchard Creek at the eastern end of the lake. The eastern

section of the lake has been bordered by manufacturing operations
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sine* the 1940s. Water exits the lake through the spillway at the

western end and through use of 280,000 gpd of lake water by the

Refuge.

4.05.02 Baseline Parameters

Figure 7 identifies the surface water monitoring locations for

Site 34. The parameters selected for monitoring at the site include

arsenic and PCBs. The results of the Rl sampling at Site 3U for

the previously mentioned parameters are contained in Table 9 and

will serve as the baseline concentrations for the monitoring pro-

gram at the site.

4.05.03 Monitoring

Locations 34-6, 34-12, 34-14 and 34-15 will be the surface

water monitoring locations for the site (Figure 7). Future monitor-

ing at Site 34 reauire that composite water columns be collected

quarterly from each location at the lake at three depths: the

surface, mid-depth and approximately six inches from the bottom.

The sample should be collected and analyzed for the parameters

listed in Section 4.04.2 and in accordance with the procedures

detailed in Sections 2 and 3.

17



TABLES

1 .



TABLE 1

MONITORING PLAH
STUDY SITES

SITES 10 and 11 : WATERWORKS DRAINAGE CHANNELS

SITE 14 : AREA 14 SOLVENT STORAGE DITCH

SITE 16 : AREA 7 INDUSTRIAL SITE DITCH

SITES 25, 26 AND 27 : CRAB ORCHARD CREEK

SITE 34 : CRAB ORCHARD LAKE



PARAMETER

TABLE 2

SAMPLE PRESERVATION AND CONTAINERS

WATER

Volatiles

Base/Neutrals/Acids

Pesticide/PCB

PCBs Low Level (water)

Metals

Cyanide

Indicators - pH

40 ml vial (2)/4 deg.C

1 liter glass

1 quart glass (teflon)

1 quart glass (teflon)

1 pint plastic/HN03

1 pint plastic/NaOH

1 pint plastic



TABLE 3 ATTACHMENT

PROCEDURES FOR LOW-LEVEL
PCBs IN WATER



LABORATORIES. MC

5.0 EXTRACTION PROCEDURE FOR LOW LEVEL PCBs Iff WATER

5.1 'Determine pH of samp It and adjust to a range of
5-9 with .1:1 sulfurlc add solution or in sodium
hydroxide. Transfer the entire contents of sample
bottle Into a 2 liter separatory funnel.

5.2 Add 1ml of SOppt OBC or equivalent (compound which
will not be removed by cleanup options) surrogate solu-
tion to the sample.

5.3 To every batch of samples for low level analysis,
add a blank, a matrix spike (MS) and a matrix spike
duplicate (MSD). The blank 1s 2000ml of organic-free
water and It 1s treated 1n the same manner as the
samples. The MS and MSD samples are spiked in dupli-
cate. Ideally, a sample is collected In triplicate 1n
the field 1n 3 separate containers. The first sample
1s the sample Itself. The second and third samples are
spiked'with the following compound in acetone:

Aroclor 1254 Sppt

5.4 Add 50ml of 151 methylene chloride in hexane to
the sample jar, seal and shake. Transfer bottle
extract to separatory funnel and extract the sample by
shaking vigorously for 2 minutes with periodic venting
to release pressure.

5.5 Drain water sample back into sample jar. Drain
the hexane extract through a sodium sulfate funnel into
a Kuderna-DanUh evaporator. Return water sample back
to separatory funnel and repeat extraction 2 more times
combining all extracts into the Kuderna-Danish evapora-
tor.

5.6 If emulsion problems occur during extraction, col-
lect, all 3 extracts in a 200ml centrifuge bottle with-
out sodium sulfate drying. Centrifuge the contents of
the bottle until 2 distinct layers are formed. Trans-
fer the top layer (the hexane extract) through sodium
sulfate into the Kuderna-Danish evaporator.

5.7 Concentrate extract to 0.2ml.

5.8 If cleanup Is necessary/refer to Section 7.0

5.9 Concentrate final extract after cleanup to 0.2ml
and analyze by GC/ECD.

LABUHATORY
PROCEDURE

Note: See Tables 4 a
S for detection level
ar.d QA/QC requirement



LOW LEVEL PCBs

EXTRACTION PROCEDURE

FOR MATER MATRICES

August 1986

Pour Into Sep. Funnel
and Adjust pH

Add 50ml of 15S DCM
1n Hexane to Sample Jar

\
Transfer to Water

Sample in Sep. Funnel

Shake 2 Minutes
(VENT!)

Drain Water in Sample Jar

Drain Solvent into K-D

I
Repeat 2 More Times

Concentrate Extract to
0.2ml on Steam Bath



AUDIT

TABLE *

QUALITY ASSURANCE REQUIREMENTS

ORGANIC*

FREQUENCY CONTROL LIMITS

Reagent Hank

Fltld Hank

Matrix Spike

1 per case or 101 of sample
shipment.

5X of sample shipment provided
by saapling craw.

10* of similar concentration/
•etrix.

Matrix Spike Duplicate 10» of similar concentration/
•atrix.

lesa than CftQL.

Less than CRQL.

As specified by 40 CFR 136.

Recoveries aa siseciffed in
•ethod.

AUDIT

INORGANICS

FREQUENCY CONTROL LIMITS

Reagent Hank

Field flank

Field Delicate

Matrix Spike

t per case or 101 of sample
shipment.

Less than CRQL.

51 of saiiple sMpnent provided Less than CRQL.
br »a*pling crew.

10X of sample shipment provided RPO uithin 20X.
by saapling crew.

10X of similar concentration/ Recoveries as ipecified in
•atrix. Method.

CRQL • Contract Required Quantitit ion Limit



T«bU J

»ao* r o/ 3

ANAlTTICAt MCTHOOS
VOLATILE*

CONTRACT REQUIRED

QUANTITAT 10* QA/QC
PARAMETER NETHV (1) IJJUT CONTROLS

(A*)

acttora 602 5 SM Ttbl« 4
carbon tatrachtoridt 601 10 •
ehtorowthana 601 10 •
•athytana chlorida 601 10 •

(t) Coda of Federal Regulations, T«tt« 40, Section 136, Appendix A, "Test Procedure
for Analysis of Organic Pollutants."



TabU3
2 of 5

ANALYTICAL MiTHQDS

KMI •VOLATILE!

<D

OMTRACT REQUIRED

QUANTITAT10N

LIMIT

(PP*»

OA/OC
CONTROLS

acanaphthana

acanapfcthylana
anthracana
banzo< • )anthracana
baruo(b) f I uor anth«n*
bvuo< k )f I uor anthont

b«ruo(g,h, Opcrylen*
bU (2-tthylhtxyl) phth«l«tt
butyl btnzyl phth«l»te
chryMnt
dfbcnzo(a>h)anthr*cent

diwthyl phthaUt*
dt-n-butyl phthalat*
d< -n-o
fluorm
fluoranttMn*

rwphthalm
ph«nanthrvw

610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610

5
5
5
5
5
5
5
5
S
5
5
5
5
5
S
5
5
5
5
5
5
S

$«• Tabt* 4

(1) Cod« of Fwfcral Regulations, Tftl* 40. Section 136, Appandix A, "Tact Procadura
for AnalytU of Organic Pollutant*."



Table3
Pag* 3 of 5

ANALYTICAL METHODS

PESTICIDES/PCM

COMTtACT REQUIRED

QUANTITATION QA/QC

PARAMETER METHOD (1) LIMIT CONTROLS

•Idrln 608 50 SM Table 4
diedrin 608 50 •
arocMor-1016 * . 0.005 •
arochlor-1221 • 0.005 •
erochlor-1232 • 0.005 •
arochlor-1242 • 0.005 •
arochlor-1244 • 0.005 •
•rocMor-1254 • 0.005 •
•rochlor-1260 * 0.005 •

(1) Cocte of Federal Rtflulationa, Title 40, Section 136, Appendix A, "Te«t Procedure

for Analysis of Organic Pollutants."

See Attachment 1



5

P«9t * of 5

AMAirTICAl METHODS

METALS MO CYAN I DC

CONTRACT REQUIRED
OUANTITATION OA/QC

PARAMETER METHOD (2) LIMIT CONTROLS

<PPb>

206-2 10
236.1 10

T 242.1 10
r 243.1 10

••reury -T 245.1 0 5

335.2 50

(2) Methods for Oieaical Arulymit of Water end Wastes, EPA-600/4-79-020



Tabla3
5 of S

ANALYTICAL METHODS
INDICATORS

CONTRACT ftEQUIUD
aUAHTlTATION QA/OC

PARAMETER METHOD LIMIT CONTKXS

<PP*»

total organic carbon 415.1 (2) 1000 Sa* Tabla I
total organic halldts 450.1 (3) 10 SM Tabla 4

(2) Mcthodk for ChMrical Analysis of Wattr snd Wastes, EPA-600/4-79-020

(3) EPA Method Study 32, EPA/600/54-55/080 (MTIS: PB86136538/AS)



TAMJ 5

SITE IASCIIM OMCCNTUTtOm
WE 10 AND tin 11

VATERUORKS DRAINAGE CHANNELS

Concentration* In Surfact Hattrs

Sit* 10 Sltt 11
PARAMETER UNITS 10-1 10-3 11-1 11-3

Cyanfofe ug/l <O.OS O.05 <0.05 <0.05
Iron (total) ug/l 600 - <300
Magmsiui (total) ag/l 9.85 - 10.6
NcneamM (total) Mg/l 0.27 • 0.095
Mtrcury ug/l <O.S • <0.5 <0.4
•ia (Ethylhcxyl) Phthalat* ug/l - <20 D«
Butyl Senzyl Phthalat* ug/l - <20 OR
OI-H-lutyl Phthalatt ug/t • <20 OR
Di-H-Octyl Phthalata ug/l • <20 OR
Diathyl Phthalatt uo/l <20 DR
OlMthyl Phthalata ug/l • <20 DR
Acfd Extractablt ScrMn ug/l <100 - <100
I«M M«utral Scrtcn ug/l <100 - <100

KEY:

(-) > Analysis Not Run.
D • Holding tiaa «ct«dsd for extraction.
R • NS/MSO X racoviry outafde «f OC limit*.



TAMJ *

SITE USfUNi CONCENTRATIONS

tin u
MtEA 7 SOLVENT STORAGE DITCH

Baseline Concentrations In Surf act Waters

Locations
PARAMETER UNITS U-1 H-3 U-5 U-S

(Dup>
Hethylane Oiloridt ug/l <1 <1 4 II 15 •!
Acetone ug/l • • 43 SI 36 II
Otloroavthane . ug/l <1 <1 <i I <4 I
Bis (Ethylhaxyl) Ptithtlatt ug/l - • <49
•utyl tanxyl Pttthatat* ug/l - - «19
Of-M-lutyt Phthalatt ug/l - - «*9
D1-K-Octyl Phthalatt ug/l - • <49
Oiethyl W)th«l«tt ug/l - <49
Oivthyl Phthalatt ug/l - • <A9
Acid Extractablt Scrtm ug/l <100 <100

M«utr«l Scrtcn ug/l <100 <100

<20
<20
<20
<20
<20
<20

KEY:
(•) • Analysis Hot Run.
B • Indicates that tht analytt uas found in tha blank; the level found

in the sample was less than 10 tia*s the level found in the blank or
or, additionally in the case of VOAs the level found in the saaple
was less than 60 ppb of Mthylene chloride or acetone, which were
found in the blank.

I • NS/MSD tPO outside QC liaits.
R » NS/MSO X recovery outside of OX Units.



TAilE B

SITE lASELINt OONCENTUTIONS
SITES 25, 26 and 27
OAI OftCNAKO CtEEK

•aaaltna Concantrationa In Surfact Watara

25-3
UpatraaB of
Nation
Landfill

PARAMETEt UNITS

25-5
Pond

Adjacant to
Marion
Landfill

Location*
25-1 26-3 26-1 27-1

Downatraaa Upatreaa of OoMnatraaa Btlow 1-57
of Marion Marlon of Marion Dradga Arta
Landfill STP STP

Cyanide
NagnaaiuB (total)
Ninganaaa (total)
TCC
TCK

•8/1
a«/l

•9/t
•8/1
•8/1

<0.05 C
14.3
0.68
11.0
0.018

•
5.6
0.72
18.0

0.011

<0.05 C
47.2
1.5
7.0
0.012

<O.OS C
18.2
0.745
0.6
0.049

<0.05 C
26.5
0.30
5.0
0.120

<0.05 C
12.4
0.64
8.0
0.043

(•) > ArtaLyvia not rvr.
C • Uaattln for qualitative intarpratation only.



TABLE 7

«1TE BASELINE CONCENTRATIONS
S1TI 16

AREA 7 IMDUSTtlAi SITE

IftMlina Concantrations In Surf act Uatars

Location*
PARAMETER UHITI 16-1 16-3 16-18

CMoroMttiana us/1 <1 <1 <4 A
Carbon Tatrachlorida ug/l <1 <1 <* A
Aldrln ug/l <10 <10 0.17 RIN
Dfaldrfn ug/l <10 <10 0.54 RIN
Acanaphthylana ug/l - - <S8 01
Actnaphthar* ug/l - - <38 01
Anthracant ug/t - - <38 01
Mnso(a)anthraccn* ug/l - - <38 01
Mnzo(a)pyrana ug/l - - <M 01
lanzo(b)fluoranthcn* ug/l - - <38 01
Mnzo(0»Oparylana u0/l - - <M D!
»anzo<k)fluoranthan« ug/l - - <38 01
Chry»ana ug/l - - <38 DI
D<banzo(a,h)anthractrw ug/l - - <38 01
Fluoranthana uft/l • - <38 01
Fluorana ug/l - - <38 01
Indero(t,2.3-cd)pyran* u«/l - - <M DI
Naphthalana ug/l - • <38 01
Phananthrana ug/l • • <3S Of
Pyrarw ug/l - - <3A 01
Acid Extractablt Scrctn ug/l <100 <100
I«M Ntutral Scrt«n ug/l <100 <100

Kay:
(-> • Analysis Not Run.
A • Holding t<M txcMdad for •nalytit.
0 • Holding tf*t «xct«d«d for txtr»ction.
1 » NS/MS8 KP» outstda QC li*its.
N't breakdown lavcl of DOT/Endrfn excMdcd in previous

Ev»t Mi* f-Ptst/KS
R • NS/MSO X racov*ry outtfde of QC limit*.

s«.'



TABLE 9

SITE IASCLINC CONCENTRATIONS
SITE 34

CHAM ORCHARD LAKE

lasalfna Concentration* In Uattr Co liana

Location*

PARAMETER UNITS

Artanic (total) u0/l

r*CSa us/I

IDEY:

(-) • Analysis not nr».
14 • Values dttwrined by a on* point standard addition.

5* -4
1(1)

3.4 N
0.008

34-7
2(0

2.7

0.019

34-*
3(0

3.2 N
o.oos

34-9
4(X>

<2.S N

<o.oos

34-10
5(A)

<2.5 N
<0.005

34-11
6XD)

<2.3 N
0.009

34-12
7(E)

2.00
<0.005

34-13
MO

2.00
<0.005

34-14
9<I)

<2.S N
0.005

34-15
10(J)

<2.00
<O.OOS



LEAD

Summary

Lead is a heavy metal that exists in one of three oxidation
states, 0, +2, and +4. There is suggestive evidence that some
lead salts are carcinogenic inducing kidney tunors in »ice
and cats. Lead is also a reproductive hazard, and it can adversely
affect the brain and central nervous sytem by causing encephalo-
pathy and peripheral neuropathy. Chronic exposure to low levels
of lead can cause subtle learning disabilities in children.
Exposure to lead can also cause kidney damage and anemia,- and
it nay have adverse effects on the immune system. The EPA
Ambient Water Qualify Criterion for the protection of human
health arid the Interim Primary Drinking Water Standard are
both SO jig/liter.

CAS Number: 7439-92-1

Chemical Formula: Pb

IUPAC Name: Lead

Chemical and Physical Properties

Atomic Weight: 207.19

Boiling Point: 1,740*C

Melting Point: 327.502«C

Specific Gravity: 11.35 at 20*C

Solubility in Water: Insoluble; some organic compounds are
soluble

Solubility in Organics: Soluble in HNCU and hot concentrated

Transport and Fate

Some industrially produced lead compounds are readily
soluble in water. However, metallic lead and the common lead
minerals are insoluble in watsr. Natural compounds of lead
are not usually mobile in normal surface or ground*ater because
the lead leached from ores becomes adsorbed by ferric hydroxide
or combines with carbonate or sulfate ions to form insoluble
compounds.
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Movement of lead and its inorganic and organolead compounds
as participates in the atmosphere is a major environmental
transport process. Lead carried in the atmosphere can be removed
by either wet or dry deposition. Although little evidence
is available concerning the photolysis of lead compounds in
natural waters, photolysis in the atmosphere occurs readily.
These atmospheric processes are important in determining the
fora of lead entering aquatic and terrestrial systems. >.

• Th* transport of lead in the aquatic environment is influ-
enced by the speciation of the ion. Lead exists mainly as the
divalent cation in.most unpolluted waters and becomes adsorbed
into*particulate phases. 'However* in polluted waters organic
conplexation is most important. Volatilization of lead compounds
probably is not important in most aquatic environments..

Sorption processes appear to ex.ert a dominant effect on
the distribution of lead in the environment. Adsorption to
inorganic solids, organic materials, and hydrous iron and mang-
anese oxides usually controls the mobility of lead and results
in a strong partitioning of lead to the bed sediments in aquatic
systems. The sorption mechanism most important in a particular
sy»tem varies with geological setting, pH, Eh, availability
of ligands, dissolved and particulate ion concentrations, salinity,
and chemical composition. The equilibrium solubility of lead
with carbonate, sulfate, and sulfide is low. Over most of
the normal pH range, PbCO-, and PbSO. control solubility of
lead in aerobic conditions, and ?bS and Pb control solubility
in anaerobic conditions. Lead is strongly complexed to organic
materials present in aquatic systems and soil. Lead in soil
is-not easily taken up by plants, and therefore its availability
to terrestrial organisms is somewhat limited.

fiioaccumulation of lead has been demonstrated for a variety
of organisms, and bioconcentration factors are within the range
of 100-1,000. Microcosm studies indicate that lead is not
biomagnifled through the food chain. Biomethylation of lead
by microorganisms can remobilize lead to the environment.
The ultimate sink of lead is probably the deep oceans.

Health Effects

There is evidence that several lead salts are carcinogenic
in mice or rats, causing tumors of the kidneys, as a result
of: either oral or parenteral administration. Data concerning
the caircinogenicity of lead in humans are inconclusive. Avail-
able data are not sufficient to evaluate the carcinogenicity
oil organic lea«5 compounds or metallic lead. There is equivocal
evidence that exposure to lead causes genotoxiclty in huaans
and animals. Available evidence indicates that lead presents
a hazard to reproduction and exerts a toxic effect on conception,
pregnancy, and the fetus in humans and experimental animals.
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Many lead compounds are sufficiently soluble in body fluids
to be toxic. Exposure of hunans or experimental animals to
lead can result in toxic effects in the brain and central nervous
system,, the peripheral nervous system, the kidneys, and the
hematopoietic system. Chronic exposure to inorganic lead by
ingestiion or inhalation can cause lead encephalopathy, and
severe cases can result in permanent brain damage. Lead poisoning

"""" may caust peripheral neuropathy in adults and children, and
clinically undetectable permanent-learning disabilities in
chi.1.- dren may be caused by exposure to relatively low levels.
Short-term exposure to lead can cause reversible kidney damage,
but prolonged exposure at high concentrations may result in
pro- gressive kidney damage and possibly kidney failure. Anemia,
due to Inhibition of hemoblobln synthesis and a reduction in
the life- span of circulating red blood cells, is an early
manifestation of lead poisoning. Several studies with experi-
mental animals sugg'est that lead may interfere with various
aspects of the immune response.

•

Toxicity to Wildlife and Domestic Animals*

Freshwater vertebrates and invertebrates are more sensitive
to lead in soft water than in hard water. At a hardness of
about 50 mg/liter CaCO,, the median effect concentrations for
nine families range from 140 pg/liter to 236,600 ug/liter.
Chronic values for Daphnia magna and the rainbow trout are
12.26 ug/liter and 83.08 ug/liter, respectively, at a hardness
of about 50 mg/liter. Acute-chronic ratios calculated for
three freshwater species ranged from 18 to 62. Bioconcentration
factors, ranging from 42 for young brook trout to 1,700 for

' a snail, were reported. Freshwater algae show an inhibition
of growth at concentrations above 500 ug/liter.

.Acute values for twelve saltwater species range from 476 pg/
liter ifor the common mussel to 27,000 ug/liter for the soft-
shell clam. Chronic exposure to lead causes adverse effects
in mysid shrimp at 37 ug/liter, but not at 17 ug/liter. The
acute-chronic ratio for this species is 118. Reported bioconcen-
tration factors range from 17.5 for the Quahog clam to 2,570 for
the blue mussel. Saltwater algae are adversely affected at
approximate lead concentrations as low as 15.8 ug/liter.

Although lead is known to occur in the tissue of many
free-living wild animals, including birds, mammals, fishes,
and invertebrates, reports of poisoning usually involve waterfowl.
There is evidence that lead, at concentrations occasionally
found near roadsides and smelters, can eliminate or reduce
populations of bacteria and fungi on leaf surfaces and in soil.
Many of these microorganism play key roles in the decomposer
food chain.
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Cases of lead poisoning have been reported Cor a variety
of domestic animals, including cattle/ horses, dogs, and cats.
Several types of anthropogenic sources are cited as the source
of Lead in these reports. Because of their curiosity and their
indiscriminate eating habits, cattle experience the greatest
incidence of lead toxicity among domestic animals.

-'•• • * '$•
Regulations and Standards

Ambient Water Quality Criteria (USEPA) :
••&
Aquatic Life (Proposed Criteria)

The concentrations below are for active lead, which is
defined as the lead that passes through a 0.45-pa membrane
filter after the sample is acidified to pH 4 with nitric
acid.

Freshwater

Acute toxicity: ed.34 Hn(hardness)] - 2.014) pg/liter

Chronic toxicity: eU'34 H" (hardness) J - 5.245) Mg/liter

Saltwater

Acute toxicity: 220 pg/liter
Chronic toxicity: 8.6 pg/liter

Human Health

Criterion: 50 pg/liter

Primacy Drinking Water Standard: 50 pg/liter

NIOSH Recommended Standard: 0.10 rag/ra TWA (inorganic lead)

OSHA Standard: 50 pg/m3 TWA

ACGIH Threshold Limit Values:

0,15 mg/ra TWA (inorganic dusts and fumes)
0,. 45 rag/nr STEL (inorganic dusts and fumes)

REFERENCES

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGISNIS.T5 (ACGIH)
1980. Documentation of the Threshold Limit Values. 4th ed.
Cincinnati, Ohio. 483 pages

Lead
Page 4
October 1985



DOULL, J., KLAASSEN, L.D., and AMDUR, M.O. , eds. 1980.
and Doull's Toxicology: The Basic Science of Poisons.
2nd ed. Macmillan Publishing Co., New York. 778 pages

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC). 1980.
IARC Monographs on the Evaluation of Carcinogenic Risk

w ofi Chemicals to Humana, vol. 23: Some Metals and Metallic
Compounds. World Health Organization, Lyon, Franc*.
Pp. 325-415

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1983. Registry of Toxic Effects of Chemical Substances.
Data Base. Washington, D.C. October 1983

NRIAGU, J.O., ed. 1978. The Biogeochemistry of Lead in the
Environment: Part B. Biological Effects. Elsevier/North-
Bolland Biomedical Press, New York. 397 pages

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1977. Air Quality
Criteria for Lead. Office of Research and Development,
Washington, D.C. December 1977. EPA-SOO/8-77-017

U»S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water-
Related Environmental Fate of 129 Priority-Pollutants.
Washington, D.C. December 1979. EPA 440/4-79-029

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient
Water Quality Criteria for Lead. Office of Water Regula-
tions and Standards, Criteria and Standards Division,
Washington,' D.C. October 1980. EPA 440/5-80-057

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1983. Draft
Revised Section B of Ambient Water Quality Criteria for
Lead. Office of Water Regulations and Standards, Criteria
and Standards Division, Washington, D.C. August 1983

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Health
Effects Assessment for Lead. Environmental Criteria and
Assessment Office, Cincinnati, Ohio. September 1984.
ECAO-CIN-H055 (Final Draft)

WEAST, R.E., ed. 1981. Handbook of Chemistry and Physics.
62nd ed. CRC Press, Cleveland, Ohio. 2,332 pages

WORLD HEALTH ORGANIZATION. 1977. Environmental Health Criteria:
3. Lead. World Health Organization, Geneva. 160 pages
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Summary

Copper is among the more mobile metals in the environment.
It is toxic to humans at high levels; it causes irritation
following acute exposure and anemia following chronic exposure.
Sheep are very susceptible to copper toxicosis as are many
aquatic organisms. The EPA Ambient Water Quality Criterion
foe copper Is 1 mg/liter based solely on its organoleptic propert

Background Information

Copper exists in a valence state of +1 or +2. It is a
lustrous, reddish metal. The physical properties of copper
include ductility and conductivity of heat and electricity.
Copper is found in nature as sulfide, oxide, or carbonate ore.

CAS Number: 7440-50-8

Chemical Formula: Cu

IUPAC Name: Copper

•

Chemical and Physical Properties

Atomic Weight: 63.546
t

Boiling Point: 2567»C

Melting Point: 1083»C
•

Specific Gravity: 8.92

Solubility in Water: Most copper salts are insoluble with
the exception of CuS.O., Cu(N03)2/
CuCl- (the more common copper salts).
The metal is insoluble in water.

Vapor Pressure: 1 mm Bg at 1628*C

Transport and Fate

Copper has two oxidation states, +1 (cuprous) and +2 (cupri<
Cuprous copper is unstable in aerated water over the pH range
of most natural waters (6 to 8) and oxidizes to the cupric
state. Several processes determine the fate of copper in the
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hunic substances; sorption to hydrous met a A UAJ.UC-, „*..,_,
organic: materials} and bioaccumulation. In waters polluted with
soluble organic material, complexation with organic ligands can
occur, thus favorin? the prolonged dispersion of copper in solu-
tion. The pretence of organic acids also can lead to the moblli-
zatidn of copper fro* the sediments to solution. Copper has a
strong affinity- Cor hydrous Iron and manganese, oxides, clays,
carbonate Minerals, and organic matter. Sorption to these mate-
rinls, both "suspended in the water column and' in the sediment,
results in relative enrichment of-the solid phase and reduction
in Dissolved levels. Sorption processes are quite efficient in
scavenging dissolved copper and in controlling its mobility
in natural unpolluted streams. The amounts of the various
copper compounds and complexes that actually exist in solution
depend on the pR, temperature, alkalinity, and concentrations
of other chemical species...The levels of copper able to remain
in solution are directly dependent on water chemistry. Gener-
ally, ionic copper is more soluble in low pR waters and less
soluble in high pR waters.

As an essential nutrient, copper is accumulated by plants
and animals, although apparently it is not generally biomagni-
fied. Since copper is strongly bloaccumulated, and because
bidgenic ligands play an important role in complexing copper,
biological activity is a major factor in determining the distri-
bution and occurrence of copper in the ecosystem. For example,
bioaccumulation patterns may exhibit seasonal variations related
to biological activity.

',
Because many copper compounds and complexes are readily

soluble, copper is among the more mobile heavy metals in soil
and other surface environments. The major process that limits
the environmental mobility of copper is adsorption to organic
matter,, clays, and other materials. Atmospheric transport
of: copper compounds can also occur.

Health Effects

Copper appears to increase the mutagenic activity of triose
reductone and ascorbic acid in bacterial test systems. However,
copper itself does not appear to have mutagenic effects in
animals or humans. Copper does not appear to produce teratogenic
or carcinogenic effects in animals or humans. Dietary levels
of trace elements such as molybdenum, sulphur, zinc, and iron
can affect the level of copper that produces certain deficiency
or toxicity symptoms. In general, more attention is given
to the problems associated with copper deficiency than to prob-
lems of excess copper in the environment. However, high levels
of copper can be toxic to humans.
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Metallic copper dust exposure can cause a short-term ill-
ness similar to metal fame fever that Is characterized by chills,
fever, aching muscles, dryness of mouth and throat, and headache.
Exposure to copper fumes can produce upper respiratory tract
irritation, a metallic or sweet taste, nausea, metal fume fever,
and sometimes discoloration of skin and hair. Individuals
exposed to dusts and mists of copper salts may exhibit conges-
tion' of nasal mucous membranes, sometimes of the pharynx, and
occasionally ulceration vith perforation of the nasal septum.

If sufficent concentrations of copper salts reach the gastro-
intestinal tract, they act as irritants and can produce salivation,
nausea, vomiting, gastritis, and diarrhea. Elimination of
ingested ionic copper by vomiting and diarrhea generally protects
the patient from more serious systemic toxic effects which
can include hemolysis, hepatic necrosis, gastrointestinal bleed-
ing, oliguria, azotemia, hemogloblnuria, bematuria, protelnuria,
hypotension, tachycardia, convulsions, and death. Chronic
exposure may result in anemia.

Copper salts act as skin irritants producing an itching
eczema. Conjunctivitis or even ulceration and turbidity of
the cornea may result from direct contact of ionic copper with
the eye.

Toxicity to Wildlife and Domestic Animals '.-

. Mean acute toxicity values for a large number of freshwater
animals range from 7.2 ug/liter for Daphnia pulicaria to 10,200
ug/liter for the bluegill. Toxicity tends to decrease as hard-
ness, alkalinity, and total organic carbon increase. Chronic
values for a variety of freshwater species range from 3.9 pg/llter
for brook trout to 60.4 ng/liter for.northern pike. Hardness
does not: appear to affect chronic toxicity. The acute-chronic
ratios for different species range from 3 to 156. The more
sensitive species tend to have lower ratios than the less sensi-
tive species. In addition, the ratio seems to increase with
hardness. Acute toxicity values for saltwater organisms range
from 17 ug/liter for a calanoid copepod to 600 pg/liter for
the shore crab. A chronic value of 54 ug/liter and an acute-
chronic ratio of 3.4 is reported for the mysid shrimp. Long
term exposure to 5 ug/liter is fatal to the bay scallop.

Bioconcentration factors in freshwater species range from
zero for the bluegill to 2,000 for the alga Chlorella regular is.
Among saltwater species the highest bioaccumulation factors
are those for the bivalve molluscs. Oysters can bioaccumulate
copper up to 28,200 times without any significant mortality.

Sheep are very susceptible to copper toxicosis and poisoning
may be" acute or chronic. Acute poisoning Is caused by direct
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action of copper salts on the gastcointe*<......«~
In gastroenteritis, shock, and death. The toxic dose is about
200 mg/kg and is usually obtained through an accidental overdose
of am antihelminthic. Ingestion of excess copper over a long
period of tine results in absorption and accumulation of copper
by the liver. This type of chronic cumulative poisoning may
suddenly develop into an acute hemolytic crisis. Copper intake
of 1.5 9/day for 30 days is known to be fatal for many breeds
of sheep. Excessive copper may be stored in the liver as a
result of excess copper Ingestionf -as a consequence of impaired
liver-function, or in connection with a deficiency or excess
of other trace elements. Sheep eliminate accumulated copper
very slowly after cessation* of exposure.

Swine develop copper poisoning at levels of 250 mg/kg in
the diet unless zinc and iron levels are increased. Toxicosis
develops with hypochromic microcytic anemia, jaundice, and
marked increases in liver and serum copper levels as well as
serum aspartate amino transferase. High copper levels may be
•found in swine because of the practice of feeding high copper
diets in order to increase daily weight gain. However, swine
rapidly eliminate copper once it is removed from the diet.
Cattle are much more resistant to copper in the diet than sheep
or swine. Copper toxicity in ruminants can be counteracted
by inclusion of molybdenum and sulfate in the diet.

Regulations and Standards
;

Ambient : Water Quali ty Cri ter ia (USEPA):

Aquatic Li fe (Proposed)

Freshwater

Acute toxlcl ty:- e'0 '905 Un<l>«dntM)] - 1.413) M/11t.r

Chronic toxicity: e'0 '905 U" (hardness) ] - 1.785) pg/litet

Sal twater

Acute toxicity: 3.2 ug/li ter
Chronic toxicity: 2.0 ug/l i ter

Human Health

Organolept ic c r i t e r i o n : 1 mg/ l i te r

Nat iona l Secondary D r i n k i n g Water Standards (USEPA): 1 mg/li ter
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OSHA Standards: 1.0 mg/»* TWA (dust and mist)
0.1 mg/mj TWA (fume)

ACGIH Threshold Limit Values: 1.0 mg/m? TWA (dusts and mists)
0.2 mg/m, TWA (fume)
2.0 mg/nr STEL (dusts and mists)

REFERENCES

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH) .
1980. Documentation of the Threshold Limit Values. 4th ed.
Cincinnati, Ohio. 488 pages

BOSTWICK, J.L. 1982. Copper toxicosis in sheep. J. Am. Vet. Med.
Assoc. 180:386-387• •

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH) .
1983* Registry of Toxic Effects of Chemical Substances.
Data Base. Washington, D.C. October 1983

UNDERWOOD, E.J. 1979. Trace metals in humans and animal health.
J. Bum. Nutr. 35:37-48

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water-
Related Environmental Fate of 129 Priority Pollutants.
Washington, D.C. December 1979. EPA 440/4-79-029

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient"
Water Quality Criteria for Copper. 'Office of Water Regula-
tions and Standards, Criteria and Standards Division,
Washington,"D.C. October 1980. EPA 440/5-80-036

U.S.. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Water
quality criteria: Request for comments. Fed. Reg. 49:4551-
4553

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Health
Effects Assessment for Copper. Environmental Criteria
and Assessment Office, Cincinnati, Ohio. September 1984.
ECAO-CIN-H025 (Final Draft)

WEAST, R.E., ed. 1981. Handbook of Chemistry and Physics.
62nd ed. CRC Press, Cleveland, Ohio. 2,332 pages
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CADMIUM
•

"""" Suwaacy

'_ Cadaium "Is a metal that can be present In a variety of
chttaica.1 forms in wastes or in th* environment. Sone forma
ar« insoluble in water, but cadmium" is relatively mobile in
thtt aquatic environaent. Cadmium is carcinogenic in animals
exposed by inhalation and aay also be in humans. It is uncertain
whether it is carcinogenic in animals or humans exposed via
ingestion. Cadmium is a known animal teratogen and reproductive
toxin. It has chronic effects on the kidney, and background
.levels of human exposure are thought to provide only a relatively
small margin of safety for these effects. The EPA Ambient
water Quality Criterion for protection of human health is 10 pg/
liter.

Background Information
% . _ . ' ' .

Cadmium is a soft/ bluish white metal that is obtained as
a by-product from the treatment of the ores of copper, lead,
and! iron. Cadmium has a valence of +2 and has properties similar
to those of zinc. Cadmium forms both organic and Inorganic
compounds. Cadmium sulfate is the most common salt.

. CAS Number: 7440-43-9
•»•' k

Chemical Formula: Cd

IUPAC Name: Cadmium

Chemical and Physical Properties

Atomic Weight: 112.41

Boiling Point: 765'C

Melting Point: 321*C

Specific: Gravity: 8.642

Solubility in Water: Salts are water soluble; metal la insoluble

Solubility in Organica: Variable, based on compound

Vapor Pressure: 1 mm Hg at 394*C
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Transport and Fate

Cadmium is relatively mobile in the aquatic environment com-
pared to other heavy metals. It is removed from aqueous .media
by complexing with organic materials and subsequently being
adsorbed to the sediment. Zt appears that cadmium moves slowly
through soil, but only limited information on soil transport
is avertable. 'Cadmium uptake by plants is not a significant
mechanism for depletion of soil accumulations but may be signi-
ficant for human exposure.
•

Health Effects

There is suggestive evidence linking cadmium with cancer
of the prostate In humans. 'In animal studies, exposure to
cadmium by inhalation caused lung tumors in rats, and exposure
by injection produced injection-site sarcomas and/or Leydig-
cell tumors. An increased .incidence of tumors has not been
seen, in animals exposed to cadmium orally, but four of the
five*available studies were inadequate by current standards.

The evidence from a large number of studies on the muta-
genicity of cadmium is equivocal, and it has been hypothesized
that cadmium is not directly mutagenic but impedes repair.
Cadmiua is a known animal teratogen and reproductive toxin.
It has been shown to cause renal dysfunction in both humans
and animals. Other toxic effects attributed to cadmium-include
. immunosuppression (in animals) , anemia (in humans) , pulmonary
disease (in humans), possible effects pn the endocrine system,
defects in sensory function, and bone damage. The oral I>0.Q
In the rat was 225 mg/Jcg.

Toxicity to Wildlife and Domestic Animals"

Laboratory experiments suggest that cadmium may have adverse
effects-on reproduction in fish at levels present in lightly to
moderately polluted waters.

The acute LC5Q for freshwater fish and invertebrates gener-
ally ranged from 100 to 1,000 pg/liter; salmonids are much
more sensitive than other organisms. Saltwater species were in
general 10-fold more tolerant to the acute effects of cadmium.
Chronic tests have been performed and show that cadmium has
cumulative toxicity and acute-chronic ratios that range of
from 66 to 431. Eioconcentration factors were generally less
than 1,000 but were as high as 10,000 for some freshwater fish
species.

No adverse effects on domestic or wild animals were reported
in the studies reviewed.
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Regulations and Standards

Anbient Watte Quality Criteria (USEPA):

Aquatic Lift (Proposed 1984)

- Treshvattr

Acutt toxicity: €U.3Plln(hardntss)J - 3.92) w/llttr

Chronic toxicity: e (0-87 [In (hardness) ] - 4.38) Mg/liter

Saltwater

Acute toxicity: 38 ug/liter
Chronic toxicity: 12 pg/liter

Human Health

Criterion: 10 ug/liter

CAG Unit Risk for ""inhalation "exposure (USEPA) : 7.8 (mg/kg/day)"1

Interim Primary Drinking Water Standard (OSEPA) : 10 pg/liter

NIOSH Recommended Standards: 40 ug/m .TWA
200 Mg/m /IS min Ceiling Level.

OSKA Standards: 200 i>g/m TWA
600 pg/a Ceiling Level

ACGIH Threshold Limit Values: 50 Mg/ia3 TWA

CONPSRENCZ OP GOVERNMENTAL INDUST3IAL HYGIZNISTS (ACGIH)
1980. Documentation of the Threshold Limit Values. 4th
ed. Cincinnati, Ohio. 488 pages

ASSOCIATES , INC. 1983. Assessment cf the Weight of
Evidence for Risk Assessment for Four Selected Toxic Air
Pollutants. Report Prepared for the Air Economic Branch/
OPRM, O.S. Environmental Protection Agency. May 1983.

FLEISCHER, M., SARCPIM, A.F., FASSETT, D.W., HAMMOND, P.,
SCHASXITTS, H.T., NIS3ET, I.C.T., and EPS7ZIN, S. 1974.
Environmental impact of cadmium: A review by the panel
on hazardous trace substances. Environ. Health Perspect.
7:253-323
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NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1983. Registry of Toxic Effects of Chemical Substances.
Data Base. Washington, D.C. October 1983

TAKZNAKA, S., OLDIGES, H., KONIG, H., HOCHRAINER, D., and
OBER0ORSTER, G. 1983. Carcinogenicity of cadmium chloride
aerosols in W rats. JNCI 70:367-371

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water-
Related Environmental ?ate*of 129 Priority Pollutants.
Washington, D.C. December 1379. EPA 440/4-79-029

O.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient
Water Quality Criteria for Cadmium. Office of Water Regu-
lations and Standards, Criteria and Standards Division,
Washington, D*.C. October 1980. EPA 440/5-80-025

• »

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Health
Effects Assessment for Cadmium. Environmental Criteria
and-Assessment Office, Cincinnati, Ohio. September 1984.
ECAO-CIN-H038 (Final Draft)

"O.S.~ENVIRONHENTAL"PROTECTION AGENCY (USSPA) . '1985. ~ Health
Assessment Document for Dichloromethane (Methylene Chloride).
Office of Health and Environmental Assessment. Washington,
D.C. February 1985. EPA 600/8-82/004F
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MAGNESIUM

Summary

Exposurt to magnesium oxide fumes can cause metal fume
fever in humans. Exposure to magnesium oxide dust can irritate
th« _tyes and respiratory tract. Ingestion of very high levels
of magnesium salts can cause central nervous sytem effects;
it can also have a laxative action.

Background Information

Magnesium is the eighth most abundant element on earth.
It is very reactive ••chemically and does not occur uncombined
in nature. Finely divided magnesium can react with water to
yield hydrogen gas and magnesium hydroxide. However, reaction
of solid magnesium with water is self-limiting because of the
formation of a film of magnesium hydroxide. As a result, ele-
mental magnesium is considered insoluble in water.

CAS Number: 7439-95-4

Chemical Formula: Mg

ID?AC Name: Magnesium <:
\ •

Chemical and Physical Properties

Atomic Weight: 24.312

Boiling Point: 1107«C

Melting Point: 648.8*C

Specific Gravity: 1.738

Solubility in Water: Insoluble; most salts are very soluble

Transpoirt and Fate

Most magnesium salts are very soluble at pH levels normally
found in natural waters, and the magnesium ion is readily trans-
ported in surface water, soil, and groundwater. The extent of
marjnesiun transport in soil is dependent, in part, on th* cation
exchange capacity of the soil. Evaporation of ocean spcay
particles and subsequent atacspheric transport of magnesium

Magnesium
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can occur. Atmospheric transport of dusts and fumes of compounds
such as magnesim oxide can also occur.

Health Effects

There is no evidence to suggest that magnesium has carcino-
genic, mutagenlc* teratogenio, or reproductive effects in humans
or experimental animals. Magnesium oxide fumes can produce
metal fume fever in humans and experimental animals. ' Exposure
to magnesium oxide dust may cause irritation of the eyes and
respiratory tract. Human exposure to magnesium usually occurs
by ingestion. Magnesium is an essential element for humans,
animals, and plants. Ingestion'of 3.6 to 4.2 mg/kg/day is
thought to be adequate for maintenance of magnesium balance
in. humans. The average adult American is estimated to ingest
240 to 480 mg/kg/day in food and water. However, magnesium
is absorbed relatively poorly by the gastrointestinal tract
and also is readily excreted in the urine. Excessive magnesium
retention in the body generally only occurs as a result of
severe kidney disease. Symptoms of hypermagnesemia can include
a sharp drop in blood pressure, and respiratory paralysis due
to central nervous system depression. Ingestion of magnesium
salts at concentrations over 700 mg/liter can have a laxative
effect. However, humans can adapt to ingestion of these levels
in a relatively short time. Magnesium has a very unpleasant
taste in water at concentrations producing toxic effects. ',

Different magnesium compounds vary in the severity of
their toxic effects to experimental animals. Such effects
include central nervous system and purgative effects similar

<| nr to those seen in humans. Subcutaneous injection of powdered
magnesium or magnesium alloys can produce symptoms in experi-
mental animals resembling gas gangrene. Application of powdered
magnesium to abraded skin can produce an inflammatory reaction.
However, these types of skin effects have not been reported
in exposed workers.

Toxicity to Wildlife and Domestic Animals

= Available data are not adequate to characterize the toxicity
of magnesium to wildlife or domestic animals. Observed effects
are generally related to deficiency symptoms.

i
| Regulations and Standards

' OSHA Standard: 15 Kg/a (sagneaiuo oxide fume)

ACGIH Threshold Limit Values:

»„, •' Magnesium
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10 mg/m^ TWA (magnesium oxide fume)
10 rag/ra^ TWA (magnesite, nuisance particulate)
20 mg/mj STEL (magnesite, nuisance particulate)

,S. Department of Transportation: Flammable solid; dangerous
when wet
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MANGANESE

Summary

Manganese chloride produced lymphomas and manganese sulfate,
tumors after injestion into mice. In humans, chronic exposure
to manganese causes degenerative changes ia the central nervous
system in the form of a Parkinson-like disease; liver changes
also occur. Acute exposure causes manganese pneumonitis.

CAS Number: 7439-96-5

Chemical Formula: ..Mn

IUPAC Name: Manganese

s
Chemical and Physical Properties

Atomic Weight: 54.938

Boiling Point: 1962M

Melting Point: 1244«C

.Specific Gravity: 7.20

Solubility in Water: Decomposes; some compounds are soluble

Transport and Fate . .

Manganese occurs most commonly in the +2 and +4 oxidation
states in aquatic systems. Its solubility depends to a great
extent on pH, dissolved oxygen, and presence of complexing
agents. In saltwater, it is estimated that 85% or more of the
manganese present exists in a soluble form. In freshwater,
manganese can occur as the soluble ion, in complex organic ions,
or in colloidal suspensions. Manganese often occurs at higher
concentrations near the bottom of stratified lakes because it
can be released from sediments, as the manganous ion, under
reducing conditions.

In the soil, the concentration and chemical fora in which
manganese occur can be affected by pRf cation exchange capacity,
drainage, organic matter con.tant, and other factors. The solu-
bility of nang-inea« ia increased at lew pa and under reducing
conditions. The presence of high concentrations of chlorides,
nitrates, or sulfatea may also increase solubility. Under
those conditions, manganese is more easily taken up by plants
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or transported in aqueous solution. Lack of su f f i c i en t cation
exchange sites, which are provided by organic natter or clay,
can also result in greater leaching of manganese to surface or
groundwater.

Ataospheric^ransport of manganese fumes or dusts can
occur. These materials can be returned to the earth by wet
or. dry deposition.

•

Health Effects

There are no epidemiological studies suggesting that man*
ganese or its compounds are carcinogenic or have teratogenic or
reproductive effects in humans. Exposure to manganese chloride
by intraperitoneal or subcutaneous routes was reported to cause
lymphomas in mice. Manganese sulfate was -found to produce
tumors after intraperitoneal administration in mice. No other
ireports of unequivocal carcinogenic activity are available for
common manganese compounds. Some manganese compounds, notably
manganese chloride, have exhibited mutagenic activity in a
variety of test systems. Manganese compounds do not appear
to be teratogenic, however.

In humans, manganese dusts and compounds have relatively
low oral and dermal toxicity, but they can cause a variety
of toxic effects after inhalation exposure. Acute exposure
to very high concentrations can cause manganese pneumonitis,
increased susceptibility to respiratory disease, and pathologic
changes including epithelial necrosis and mononuclear prolifera-
tion. Chronic manganese poisoning is more common, but generally
occurs only among persons occupationally exposed to manganese,
compounds. Degenerative changes in the central nervous system
are the major toxic effects. Early symptoms include emotional
changes, fallowed by * aasklike face, retropulsion or propulsion,
and a Parkinson*s-like syndrome. Liver changes are also frequently
seen. Individuals with an iron deficiency may be more suscept-
ible to chronic poisoning.

Duplication of human exposure symptoms in experimental
animals has only been partially successful. In rabbits exposed
by inhalation to manganese dust, manganese pneumonitis did
not develop, but fibrotic changes in the lungs were observed.
Central nervous system effects characteristic of chronic expo-
sure in hunans have only been reproduced in monkeys.

Toxicity to Wildlife and Domestic Animals

Adequate data for characterization of the toxicity of
manganese to wildlife or domestic animals are not available".

Manganese
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A 48-hour LC.Q value of 1$ mg/liter of manganese is
reported for embryos of the oyster Crassostrea virgtnica.
FOJ: the softshtll clam Hya arenatia a 168-hour LC.I value of
300 »g/liter is reported. 50

Regulations and Standards

OSIIA Standard: 5 mg/m3 Ceiling Level

ACGIH Threshold Limit Values:

TWA (fume)
3 mg/m, STEL (fuae)
5 mg/m Ceiling Level (dust and compounds)
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CHROMIUM

Summary

Chromium is a heavy metal that generally exists in either
a trivalent or hexavalent oxidation state. Hexavalent chromium
(Cr VI) Is rather solublt and is quit* mobile in groundwater
and surface water. However, in the presence of reducing agents
it Is rapidly converted to trivalent chromium (Cr III), which
is strongly adsorbed to soil components and consequently is
much less mobile. A number of salts of hexavalent chromium
are carcinogenic in rats. Zn addition, an increased incidence
of lung cancer was seen in workers occupatlonally exposed 'to
chromium VI. Hexavalent chromium also causes kidney damage
in Animals and humans*; Trivalent chromium is less toxic than
hexavalent chromium; its main effect is contact dermatitis
in sensitive individuals. The EPA Ambient Water Quality Criteria
for the protection of human health are 50 tig/liter for Cr VI
and 170 pg/liter for Cr. III.

CAS Number: 7440-47-3

Chemical Formula: Cr

IUPAC Name: Chromium ,

Chemical, and Physical Properties (Metal)

Atomic Height: 51.996

Boi l ing Point: 2672»C

M e l t i n g Point: 1857 £ 20»C

Specific Gravi ty : 7.20 at 28«C

Solubi l i ty in Water: Insoluble; aone compounds ace soluble

Transport and Fate

Hexavalent Cr is quite soluble, existing in solution as
a component of a complex anion. Zt is not sorbed to any s ign i f i -
cant degree by clays or hydrous metal oxides. The anionic:
fora varies according to pH and may be a chromate, h y d r o c h r o a a t e ,
or d lchrowate . Because all anionic forms are so a m i a b l e , they
are quite mobile in the aquatic environment . Cr VI is e f f i c i e n t l y

Ch r on i ua
Page l
October .1935



removed by activated carbon and thus may have some affinity
for organic materials in natural water. Cr VI is a moderately
strong oxidising agent and reacts with reducing materials to
form trivalent chromium. Most Cr III in the aquatic environment
is hydrolyzed and precipitates as chromium hydroxide. Sorption
to sediments and bloaccumulation will remove much of the remain-
ing Cr XZZ from solution. Cr IZI is adsorbed only weakly to
inorganic materials. Cr XXX and Cr VI are readily Interconver-
tible In nature depending on.Blcroenvironmental conditions
such as pfl, hardness* and the types of other compounds present.

? Soluble forms of chromium accumulate if ambient conditions
.'. favor Cr VI. Conditions favorable for conversion to Cr III '

lead to precipitation and adsorption of chromium In sediments.

In air, chromium is associated almost entirely with particu-
late matter. Sources of chromium la air Include windblown
soil and particulate emissions from industrial processes.
Little information- Is available concerning tbe relative amounts
of Cr III and Cr VI in various aerosols. Relatively small
particles'can form.stable aerosols and can be transported many
•lies before settling out. "

* Cr III tends to be adsorbed strongly onto clay particles
and organic particulate matter, but can be mobilised if it
l.i coraplexed with organic molecules. Cr III present in minerals
Is mobilized to different extents depending on the weatberability
and solubility of the mineral in which it Is contained. Hexa-
valent compounds are not strongly adsorbed by soil components

. and Cr VI is mobile in groundwater. Cr VI is quickly reduced
to CR III in poorly drained soils having a high content of
organic matter. Cr VI of natural origin is rarely found in
soils.

Health Effects

The hexavalent form of chromium is of major toxicological
importance in higher organisms. A variety of chromate (Cr VI)
salts are carcinogenic in rats and an excess of lung cancer
has been observed among workers in the chroraate-producing indus-
try. Cr VI compounds can cause DMA and chrorasorae damage in
animals and humans, and Cr (VI) trioxlde is teratogenic in the

' hamster. Inhalation of hexavalent chromium salts causes irri-
tation and inflammation of the nasal nucosa, and ulceration

j arid perforation of the nasal septum. Cr VI also produces kidney
* damage in animals and humans. The liver is also sensitive
j to the toxic effects of hexavalent Cr, but apparently less
\ HO than the kidneys or respiratory system. Cr III is less
« toxic than Cr VI; its main effect in humans is a form of contact
j dermatitis in sensitive individuals.
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Cr IIIi

Aquatic Life (Proposed Criteria)

Freshwater

Acutt toxicity: e<
0-8l

Chronic toxicity: c
(0-819 Hn (hardness));) +0.537) pg/1Utc

Saltwater

The available data are not adequate for establishing
criteria.

Huaan Health
*»

Criterion! 170 Mg/litcr
/

CAG Unit Risk for inhalation exposure to CR VI (OSEPA) :
• 4.1 c»̂ Ĥ d*y>l-r,.--- - _-,,_-„,... r ---"•'- - ;--•:• vv-s- "̂
National Interim Primary Drinking Water Standard: 50 Mg/liter

NIOSH Recommended Standards for CR VI t 1 ug/m ^carcinoganic
25 Mg/«f noncarcinogenic
50 pg/a noncarcinogenic
(15-nin saaple)

OSHA Standards: OSHA air standards have been set for several
chroaium compounds. Most recognized or suspected carcino-
genic chromium compounds have ceiling limits of 100

ACGIB Threshold Limit Values: Several chromium compounds have
TWAs ranging from 0.05 to 0.5 mg/m . Chroraite ore proces-
sing (chromate) , certain water insoluble Cr VI compounds,
and chromates of lead and zinc are recognized or suspected
human carcinogens and have 0.05 mg/m TWAs.

AMERICAN CONFERENCE OP GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH).
1380. Documentation of the Threshold Limit Values. 4th
ed. Cincinnati/ Ohio. 488 pages

INTERNATIONAL AGENCY ?OR RESEARCH ON CANCER (IARC). 1980.
IARC Monograph on the Evaluation of the Carcinogenic Risk
of Chemicals to Humans. Vol. 23: Some Metals and Metallic
Compounds. World Health Organization, Lyon, France
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Cyanides move rather freely in soils but biodegrataation would
probably significantly decrease the amount present in the ground-
water. Volatilization of HCN and nitriles may occur from soil
surfaces.

Health Effects '

Hydrogen cyanide and its simple salts, such ts sodium
cyndidt, are highly toxic by all routes. Many reports are
available regarding acute poisoning in humans. Hydrogen cyanide
vapor is Irritating at very low concentrations, is considered
dangerous at 20 ppm J20 mg/mj), and is fatal at concentrations
of 100 ppa (100 mg/nr) for one hour. NIOSH notes reports of
chronic poisoning resulting in fatigue, we'ariness and other
subjective symptoms in workers, but these findings have been
disputed by other investigators. Chronic exposure to low levels
of cyanide salts has been reported to cause enlargement of
the thyroid gland in humans, apparently due to inefficient
elimination of the cyanide metabolite thiocyanate, NIOSH (1976)
concluded that there was no evidence of carcinogenicity/ Kuta- .
genicity, or teratogenicity for cyanides. Cyanide has been
shown to produce chromosome breaks in a plant, Vicia faba.
Because of its mechanism of action, inhibition of the election
trimsport system in oxidative phosphorylation, cyanide is acutely
toxic to almost all forms of life. A reduction in.the TLV
foe HCN from 10 mg/m3 to a ceiling value of 3 »g/n3 has been
recommended by several investigators, to prevent the various
nonspecific 'effects noted by several investigators (ACGIH I960)'.

Toxicity to wildlife and Domestic Animals

Cyanide is acutely toxic to both freshwater and saltwater
organisms, causing death at levels of about 50 ug/liter in
sensitive species and being fatal to many species at levels
above 200 tig/liter. .Final acute values were determined to
be 44.7 pg/liter for freshwater species and 2.03 ug/liter for
saltwater species. Effects such as reduced survival and reduced
reproduction were seen in fish chronically exposed to free
cyanide concentrations of from 10 to 50 tig/liter. The final
acute chronic ratios were determined to be 10.7 and 3.5 for
freshwater and saltwater organisms, respectively. The final
chronic values were determined by dividing the acute values
by the acute-chronic ratio, and were determined to be 4.2 for
freshwater species and 0.57 for saltwater organisms. An acci-
dental spill of cyanide caused the death of 4,800 fish in Oak
Ridge, Tennessee. The long-term effects of this spill, were
not reported. Livestock death and environmental damage were
caused by high levels of cyanide leaching frcra a drum disposal
site in Illinois.
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Summary

Cyanide can b« pctsent in many forms in the environment.
The transport, fate, and toxlclty of the chemical is quite
dependent: on the specific fora. Bydrogen cyanide and its simple
salts are highly toxic following acute exposure by humans,
experimental animals, and both aquatic and terrestrial wildlife.

Background Information

Cyanide (CN-) is usually defined as hydrogen cyanide (HCN)
and its salts. The chemical/physical properties, transport
and fate,, and toxicity of cyanide are quite dependent on the
form of cyanide present.

CAS Number: 151-50-8; 143-33-9

Chemical Formula: d-

IUPAC Name: Cyanide
*

Chemical and Physical Properties

Molecular Weight: 27 -(HCN)

Boiling Point: 26.7»C (HCN)
\'
Melting Point: -14«C (HCN)

Specific Gravity: 0.699 at 22»C (HCN)

Solubility in Water: Soluble (HCN)

Solubility in Organics: Soluble in alcohol and ether

Vapor Pressure: €57.8 mm flg at 21.9*C (HCN)

Transport: and Fate

The transport and fate of cyanide in the environment.is
dependent: on the chemical compound containing the cyanide.
Most fre« cyanide will be HCN in aquatic environments and will
probably evaporate, although biodegradation is another possible
fat* process. Metal cyanides are generally insoluble and for

Cyanide
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Regulations and Standards

Ambient Wat«r Quality Crittria (USEPA) :

Aquatic Life (Proposed)

Freshwater

Acute toxicityt 22 pg/litec
Chronic toxiclty: 4.2 pg/liter

Saltwater

Acute toxicity: 1.0 pg/llter
Chronic toxicity: 0.57 tig/liter

Human Health

Criterion: 200 yg/liter

Primary Drinking Water Standard (USEPA): 200 pg/liter

ACSIH Threshold Limit Value: 5 «g/m3 TWA

AMERICAN COUNCIL OF GOVERNMENTAL INDUSTRIAL HYGIENISTS (ACGIH) .
1980. Documentation of Threshold Limit Values. 4th ed .
Cincinnati, Ohio. 488 pages ' •,

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1976. Criteria for a Recommended Standard— Occupational
Exposure to Hydrogen Cyanide and Cyanide Salts (NaCN,
KCN, and Ca(CN),). Washington, D.C. DHEW* Publication
NO. (NIOSH) 77-108

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1983. Registry of Toxic Effects of Chemical Substances.
Data Base. Washington, D.C. October 1983

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA) . 1979. Water-
Related Environmental Fate of 129 Priority Pollutants
Washington, D.C. December 1979. EPA 440/4-79-029

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA) . 1980. Ambient
Water Quality Criteria for Cyanides. Office of Water
Regulations and Standards, Criteria and Standards Division,
Washington, D.C. "October 1980. EPA 440/5-80-037
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U.S. ENVIRONMENTAL PROTECTION
Section B of Ambient Water Criteria Cor Cyanide—Aquatic
Toxicology. Draft Report. Office of w?ter Regulations
and Standards, Criteria and Standards Division, Washington,
D.C. August 1983

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1984. Health
Effects Assessment for Cyanide. Environmental Criteria
and Assessment Office, Cincinnati, Ohio. September 1984.
ECAO-CIN-H011 (Final Draft) -

VERSCHUERSN, K. 1977. Handbook of Environmental Data on Organic
Chemicals. Van Nostrand Reinhold Co., New York. 659 pages

WEAST,. R.E., ed. 1981. Handbook of Chemistry and Physics.
62nd ed. CRC Press, Cleveland, Ohio. 2,332 pages
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Summary .. • - . ..,„ -

In the' absence of photolytlc degradation, dimethylnitro-
sareine is probably persistent in the environment. Dimethylnitro-
samine is carcinogenic and produces lung, liver, and kidney
tumoirs in rits and nice and liver tumors in several other animal
species. It also exhibits transplacental carcinogenicity in

...•animals and Is swtagenic and eabryotoxic. Both acute and chronic
exposure have adverse effects on the liver in humans and experi-
mental animals.

CAS Number: 62-75-9

Chemical Formula:

IUPAC Name: n-Nitrosodimethylamine

Important Synonyms and Trade Names: n-Uethyl-n-nitrosomethanamine,
n,n-dimethylnitrosamine,
DMN, DMNA, MDMA

Chemical and Physical Properties

Molecular Weight: 74.1

Boiling Point: 151»C

i' Specific Gravity: 1.0 at 20 -C

Solubility in Water: Soluble in all proportions

Solubility in Organics: Soluble in organic solvents, lipids

Log Ccta-cl/Water Partition Coefficient: 0.06 to -0.69

Transport, and Fate

The most probable environmental fate of dinethylnitrosamine
in aqueous solution appears to be slow photolytic degradation.
Furthermore, although supporting data are limited, it has been
speculated that hydrogen bonding of dimethylnitrosaraine with
humic acids or coordination with metal cations produces a photo-
labile intermediate and could lead to moderately rapid degrada-
tion in surface waters. Diraethylni trosaraine has been detected

Dimethylni trosanine
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in cne atmospnere ot metropolitan areas ana neat manutac tur ing
facilities emitting this compound, suggesting that some atmos-
pheric transport can occur. However, it is reported that photo-
lytic degradation in air would be rapid, with a half-life of
less than 1 hour. Airborne concentrations in excess of a few
parts per billion appear to be unlikely except near sources
of direct emissions. There is no evidence to suggest that
oxidation or hydrolysis are important environmental fates.

Diaethylnitrosamine is completely miscible in water and
iit reported to be highly solvated." This information, along
with limited experimental data, suggest that volatilization
from surface waters is probably not a.n important process.
Dimethylnitrosamine has a log octanol/water partition coefficient
near 0? significant sorption by organic particulates is therefore
unlikely. Experimental evidence confirms this and further
suggests that sorption by clay particulates in vet soil is
also unlikely. Because dimethylnitrbsamine is completely mis-
cible In water and has a low log octanol/water partition coeffi-
cient,, bioaccumulation is probably an insignificant process.
Although biodegradation in surface waters does not appear to
be an important environmental fate, slow degradation of dimethyl-
nitrosamine in sewage and soil is reported to occur. Based
on this information, it is likely that in the absence of photo-
lytic degradation dimethylnitrosamine would be very persistent
in the environment.

Health Effects

Dimethylnitrosamine is considered to be carcinogenic in
many experimental animal species by various routes of exposure.
Dose-response relationships have been established in several
studies. This compound produces liver, lung, and kidney tumors
in some species of mice and rats after oral and inhalation
exposure. Increased incidences of liver tumors have also been -
observed in many other animal species after oral administration.
Inhalation exposure in rats has produced tumors of the ethrotur-
binals and nasal cavity. Although insufficient epidemiologic
evidence exists to establish a causative role for dimethylnitro-
samine in human carcinogenesis, IARC and other public health
organizations recommend that this compound be regarded as a
human carcinogen.

Dimethylnitrosamine is mutagenic in many raicrobial test
systems with metabolic activation and in several other in- vivo
and in vitro test systems. This compound is reported to exhibit
transplacental carcinogenicity and to be embryotoxic. No terat-
ogenic effects have been reported. Acute and chronic exposure
of humans and experimental animals to dimethylni trosamine resulted
primarily in a variety of h-patotcxic effects. In rats, an
oral LD5Q value of 4C tag/kg and an inhalation LD50 value cf
37 rag/ kg are reported.

Dimethylnitrosamine
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Toxlcitv to Wildlife and Domestic Animals - "

In crayfish exposed to dimethylnitrosamine in water- foe
6 months, extensive antennal gland degeneration was observed
at 200,000 pg/liter and hyperplasia of hepatopancreas tubular
cells at 100(000 pg/liter. Rainbow trout fed dimethyInitrosaraine
for 52 weeks showed a dose-related increase in hepatocellular
carcinoma at doses of 200, 400, and 800 ag/kg. The weighted
average bioconcentration factor for the edible portion of all
freshwater and estuarine aquatic organisms consumed by Aaericans
is 0.026.

»

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life

Freshwater

Acute toxicity: The available data for nitrosamines in
general indicate that toxic effects occur at concentrations
as low as 5,850 pg/liter and would occur at lower concentra-
tions among species that are aore sensitive than those
tested.

Chronic toxicity: Ho available data

Saltwater

Acute toxicity: The available data for nitrosamines in
v, / general indicate that toxic effects occur at concentrations

as; low as 3,300,000 pg/liter and would occur at lower
concentrations aaong species that are more sensitive than
those tested.

Chronic tcxicity: No available data

Human Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various levels of dimethylnitrosamine in water
are:

Concentration

14 ng/liter
1.4 ng/liter
0.14 ng/liter

ACGZH Threshold Linit Value: Suspected human carcinogen

Dimethylnitrosamine
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AMERICAN CONFERENCE Of GOVERNMENTAL INDUSTRIAL BYG1ENISTS. (ACGIH).
1980. Documentation of the Threshold Limit Values. 4th
ed» Cincinnati, Ohio. 488 pages

'INTERNATIONAL'AGENCY FOR RESEARCH ON CANCER (IARC). IARC Monographs
on the Evaluation of Carcinogenic Risk of Chemicals to
Butians. Vol. 17: Some N-Nitroso Compounds. World Bealth
Organisation, Lyon, France. Pp. 125-175 e

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1984. Registry of Toxic Effects of Chemical Substances.

.Data Base. Washington, D.C. October 1984

SAX, N.I. 1975. Dangerous Properties of Industrial Materials.
4th ed. Van Nostrand Reinhold Co., Mew York. 1,258 pages

U.!>. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water-
Related Environmental Fate of 129 Priority Pollutants.
Washington, D.C. December 1979. EPA 440/4-79-029

0.5. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Aabient
Water Quality Criteria for Mitrosamines. Office of Water
Regulations and Standards, Criteria and Standards Division,
Washington, D.C. 'October 1980. EPA 440/5-80-064
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Solubility in Organics: Depends on chemical species

Vapor Pressure: 0.0012 ma Hg at 20*C
*

Transport and Pate

Mercury and certain of its .compounds, including several
inorganic species and dinethyl mercury, can volatilize to the
atmosphere from aquatic and terrestrial sources. Volatilization
is.reduced by conversion of metallic mercury to coaplexed species
and by deposition of BgS in reducing sediments, but even so
atmospheric transport is the major environmental distribution

fathway for mercury. Precipitation is the primary mechanism
or removal of. mercury from the atmosphere. Photolysis is
important in the breakdown of airborne mercurials and may be
important in some aquatic systems. Adsorption onto suspended
and bed sediments is probably the most important process determin-
ing the fate of mercury in the aquatic environment. Sprption
is strongest into organic materials. Mercury in soils* is gener-
ally complexed to organic compounds. ...

Virtually any mercury compound can be remobilized in aquatic
systems by microbial conversion to methyl and dimethyl forms.
Conditions reported to enhance biomethylation include large
amounts of available mercury, large numbers of bacteria, the
absence of strong completing agents, near neutral pB, high
temperatures, and moderately aerobic environments. Mercury
is strongly bioaccumulated by numerous mechanisms. Methylmercury
is the most readily accumulated and retained form of mercury
in aquatic biota, and once it enters a biological system it
is very difficult to eliminate.

Health Effects

When administered by intraperitoneal injection, metallic
mercury produces implantation site sarcomas in rats. No other
studies were found connecting mercury exposure with carcinogenic
effects in animals or humans. Several mercury compounds exhibit,
a variety of genotoxic effects in eukaryotes. In general,
organic mercury compounds are more toxic than inorganic compounds.
Although brain damage due to prenatal exposure to methylmercury
has occurred in nunan populations, no conclusive evidence is
available to suggest that mercury causes anatomical defects
in hunans. Embryotoxicity and teratogenicity of methylmercury
has bo«n recorted for a variety of experimental aniaals. Mer-
curic chlcrid-3 is reported to be taratoganic in *xper:laoritai
animals. No conclusive results concerning the teratogenic
effects of mercury vapor are available.
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MERCURY

Summary

Both organic and inorganic forms of mercury are reported
to b« teratogenic and embryotoxic in experimental animal**
In humans, prenatal exposure to methylmercury has been associated
witil'brain damage. Other major target organs for organic mercury
compounds in bumans are the central and peripheral nervous
system and the kidney. In animals, toxic effects also occur
in tsfce liver, heart, gonads, pancreas, and gastrointestinal
tract. Inorganic mercury is generally less acutely toxic than
organic mercury compounds, but it does affect the central nervous
system adversely. The EPA Ambient Water Quality Criterion
for the protection of human health is 144 ng/liter.

Background Information

Several forms of mercury, including insoluble elemental
mercury, inorganic species, and organic species, can exist
in the environment. In general, the mercurous (+1) salts are
much less soluble than the more commonly found mercuric (+2)
salts. Mercury also forms many stable organic complexes that
are generally much more soluble in organic liquids than in
water. The nature and solubility of the chemical species that.
occur in an environmental system depend on the redox potential '
and the pH of the environment.

CAS Number: 7439-97-6

Chemical Formula: Hg

IUPAC Name: Mercury

Chemical and Physical Properties (Metal)

Atonic Weight: 200.59

Boiling Point) 3S6.58*C

Melting Point: -38.87«C

Specific Gravity: 13.5939 at 20»C

Solubility in Water: 81.3 pg/litec at 30-C; sorce salta and
organic compounds are soluble
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Chronic dietary exposure of chickens to mercuric chloride
at growth inhibitory levels causes immune suppression/ with
a differential reduction effect on specific immunoglobulins.

Regulations and Standards
•

Ambient Hater Quality Criteria (USEPA):

- Aquatic Life (Proposed Criteria)

Freshwater

Acute toxicity: 1.1 ug/liter
Chronic toxicity: 0.20 ug/liter

•

Saltwater

Acute toxicity: /I.9 ug/liter
Chronic toxicity: 0.10 ug/liter

Hunan Health

Criterion: 144 ng/liter

Primary Drinking Water Standard: 0.002 mg/liter

MIOSH Recommended Standard: 0.05 mg/m TWA (inorganic mercury)

OS HA Standard: 0.1 ng/m Ceiling Level

ACGIH Threshold Limit Values:

0.01 mg/m^ TWA (alkyl compounds)
0.03 mg/mf STEL (alkyl compounds)
0.05 ng/i5 TWA (vapor)
0.1 mg/m TWA (aryl and inorganic compounds)

REFERENCES
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In humans, alkyl mercury compounds pass through the blood
brain barrier and the placenta very rapidly, in contrast to
inorganic mercury compounds. Major target organs are the central
and peripheral nervous systems, and the kidney. Methylmercury

"-••• is particularly hazardous because of the difficulty of elimi-
nating it from the body. In experimental animals, organic
mercury compounds can produce toxic effects, in the gastrointes-
tinal tract, pancreas, liver, heart, and gonads, with involvement
of the endocrine, immunocompetent, and central nervous systems.

Elemental mercury is not highly toxic as an acute poison.
However, inhalation of high concentrations of mercury vapor
can cause pneumonitij, bronchitis, chest pains, dyspnea, cough-
ing, stomatitis/ gingivitis, salivation, and diarrhea. Soluble
mercuric salts are highly poisonous on ingestion, with oral
L0.|3 values of 20 to 60 mg/kg reported. Mercurous compounds
are less toxic when administered orally. Acute exposure to
mercury compounds at high concentrations causes a variety of ,
gastrointestinal symptoms and severe anuria with uremia. Signs
and symptoms associated with chronic exposure involve the central
nervous system and include behavioral and neurological distur-
bances.

Toxicity to Wildlife and Domestic-Animals

The toxicity of mercury compounds has been tested in a •,
wid« variety of aquatic organisms. Although methylmercury
appears to b« more toxic than inorganic mercuric salts, few

"""""'' acute or chronic toxicity tests have been conducted with .It.
Among freshwater species, the 96-hour LC-0 values for inorganic
mercuric salts range from 0.02 ug/liter Cor crayfish to 2,000 pg/
lit«r foi: caddisfly larvae. Acute values for methylmercuric
compounds and other mercury compounds are only available for
fishes. In rainbow trout, methylmercuric chloride is about
ten times more toxic to rainbow trout than mercuric chloride,
which is acutely toxic at about 300 yg/Hter at 10»C. Metnyl-
mercrury is the most chronically toxic of the tested compounds,
with chronic values for Daphnia magna and brook trout of 1.00
and 0.52 pg/liter, resp«ctlvely. The acute-chronic ratio for
Daphnia maqna is 3.2.

Mean acute values for saltwater species range from 3.5
to 1,680 ug/liter. In general, molluscs and crustaceans are
more sensitive than fish to the acute toxic effects of mercury.
A life-cycle experiment with the mysid shrimp shewed that inor-
ganic mercury at a concentration of 1.6 ng/liter significantly
influences time of appearance of first brood, time of first
spawn, and productivity. The acute-chronic ratio for th* raysid
ahrimp :l« 2.9.
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POLYCHLORIMATED BIPHENYLS

guramar_y

— Polychlorinated biphenyls (PCBs) ace very persistent in
the.natural environment and are readily bioaccumulated. in
humans(exposur« to PCBs has been associated with chloracne,
impairment of liver function, a vaci.ety of neurobehavioral
symptoms, menstrual disorders, minor birth abnormalities, and
an increased incidence of cancer. Experimental animals exposed
to PCBs experienced an increased incidence of cancer; reproduc-
tive problems; neurobehavioral degradation; pathological changes
in the liver, stomach, skin, and other organs; and suppression
of immunological function. PCBs are often contaminated, and
these contaminants may be much more toxic than the PCBs them-
selves. The EPA Ambient Water Quality Criterion for the protec-
tion of human health corresponding to an excess cancer risk
of 10"6 is 0.079 ng/liter.

Background Information -.

Polychlorinated biphenyls (PCBs) are complex mixtures
of chemicals composed of two connected benzene rings with 1
to 10' chlorine atoms attached. The chemical, physical, and
biological properties of these materials depend to a large
degree on the amount and location of the chlorine atoms on
he two benzene rings of each specific PCB and on the particular

,..aixture of individual chlorobiphenyls that comprise the mixture.

CAS Number: 1336-36-3

Chemical Formula: C-H.Cl̂ Ĉ H-Cl,,,
09 X O 3 X

IUPAC Name: Specific for each polychlorinated biphenyl

Important Synonyms and Trade Names: PCBs, chlorinated biphenyls/
polychlorobiphenyls, Aroclor,
Kanechlor, Clophen

Chemical and Physical Properties

Molecular Weight: 189-399*

Boiling Point: 267°C and up*

Melting Point: 54-3lO°C*

*Increases with increasing chlorination,
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Specific Gravity: 1.3 to 1.5 at 20»C*

Solubility in Water: 0.003-0.6 »g/liter

Solubility in Organics: Soluble in aost common organic solvents

Log Octanol/Water Partition Coefficient: 4-6*

Vapor Pressure: 10~3-10~5 wa Hg at 20»C**

Henry's Law Constant: lo"3 to -10"5 atm m3/mole

•

Transport and Fate

The transport and fate of polychlorinated biphenyls has
been studied extensively, and although individual chemicals
vary in the rates at which processes occur, some generalizations
can be made about PCBs as a class. PCBs are relatively inert,
and therefore persistent, compounds, with low vapor pressures,
low water solubility, and high log octanol/water partition
coefficients. Despite their low vapor pressures, they have
a high activity coefficient in water, which causes a higher
rate of volatilization than might normally be expected. Vol-
atilization and persistence account for the ubiquitous nature
of PCBs in the environment. Adsorption to the organic material
in soil or sediments is probably the major fate of at least
the more heavily chlorinated PCBs. Once bound, the PCBs may.
persist for years with slow desorption providing continuous,
low-level exposure to the surrounding locality. Bioaccumulation
of PCBs also occurs, with most of the compound stored in the
adipose tissue of the body. PCBs are degraded primarily by
two routes. Less heavily chlorinated PCBs (mainly the mono-,
di«, and trichlorinated PCBs} can be biodegraded by some soil
microorganisms. PCBs with five or more chlorines are not meas- -
urably biodegraded. These heavier PCBs can be photolyxed by
ultraviolet light. This process is extremely slow, but: it
may be the most important degradation process for these very
persistent compounds.

Assessing the toxicity of PCBa is complicated by the fact
that several different mixtures have been produced and distrib-
uted commercially and by the presence of highly toxic contam-
inants in some commercial mixtures. Some of these contaminants
can be formed by combustion of PCBs or even by high-teraperature
treatment in service, so that used materials may be mote toxic
than the commercial mixtures whose toxicity has been studied.

*Increases with increasing, chlorination,
•Decreases with increasing chlorination,
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Health Effects

In humans exposed to PCBs (la. the workplace oc via acci-
dental contamination of food), reported adverse effects include
chloracne (a long-lasting, disfiguring skin disease), impairment
of liver function, a variety of neurobehavioral and affective
symptoms, menstrual disorders, »inoc birth abnormalities, and
probably increased Incidence of cancer. Animals expertnentally
exposed to PCBs have shown most of. the sane symptoms, as well
as Impaired reproduction; pathological changes in the liver,
stowach, skin, and other organs; and suppression of ianunological
functions. PCBs are carcinogenic in rats and mice and, in
appropriate circumstances, enhance the effects of other carcin-
ogens. Reproductive and neurobiblogical effects of PCBs have
been reported In rhesus monkeys at the lowest dose level tested,
11 ug/kg body weigh.t/day over a period of several months.

Toxicity to Wildlife and Domestic Animals

Polychlorinated biphenyls are bioaccumulated and can be
bioraagnified. Therefore, their toxicity increases with length
of exposure and position of the exposed species on the food
chain. .The toxicity of the various PCS mixtures is also depen-
dent on their composition. Because of the complexity of PCB
toxicity, only general effects will be discussed here.

The 96-hour LC50 values for rainbow trout, bluegills, >.
and channel catfish were around 20 mg/liter. The same species
exposed for 10 to 20 days had LC-0 values of about 0.1 mg/liter.
Invertebrate species were also adversely affected, with some
species having 7-day I»C5Q values as low as 1 pg/liter. In
general, juvenile organisms appeared more susceptible to the
effects of PCBs than either eggs or adults.

Three primary ways in which PCBs can affect terrestrial
wildlife are outright mortality, adversely affecting reproduc-
tion, and changing behavior. PCB doses greater than 200 ppm
in the diet or 10 mg/kg body weight (bw) caused some mortality
in sensitive bird species exposed for several days. Doses
around 1,500 ppm (diet) or about 100 mg/kg (bv) caused extensive
mortality in these sensitive species. They generally <:au«e*
some mortality in all species, with the level being depenoe.-.t
on the length of exposure and the particular PCB mixture.
Some mammalian species are especially susceptible to PCBs.
For example, mink died when fed as little as 5 ppm in the diet
(equivalent to less than 1 nig/kg bw/day) . PCBs caused lower
egg production; deformities; decreased hatchability, growth,
and survival; and some eggshell thinnino in reproductive studies
on chickens fed doses of 20 ppm in the diet (1 mg/kg bw).
Mink fed 1 ppm in th* die*, (0.2 mg/kg bw) had lower reproductive
success, and there are indications that an increased incidence
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of premature births in some marine mammals was linked to PCS
exposure. Behavioral effects on wildlife include increased
activity, decreased avoidance response, and decreased nesting,
all of which could significantly influence survival in the
wild.

No toxic effects on domestic animals other than chickens
were reported la the sources reviewed, but susceptible species
would probably be affected in a similar manner to laboratory
animals and wildlife.

r

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life •
••l̂ ĥ B̂̂ B̂.̂ ^̂ —̂ HMMHMHÎ ^̂  •

Freshwater

Acute toxicity: 2 pg/liter
Chronic toxicity: 0.014 pg/liter

Saltwater

Acute toxicity: 10 pg/liter
Chronic toxicity: 0.030 ug/liter

t

Human Health '

Estimates of the carcinogenic risks associated with lifetime
exposure to various concentrations of PCBs in water are:

Risk Concentration

10"5 0.79 ng/liter '
10": 0.079 ng/liter
10~' 0.0079 ng/liter

CAG Unit Risk (USEPA): 4.34 (mg/kg/day)"1

NIOSH Recommended Standard: 1.0 pg/m TWA

ACGIH Threshold Limit Value: 0.5 mg/m3 TWA
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U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient
Water Quality Criteria for Polychlorinated Biphenyls (PCBs).
Office of Water Regulations and Standards, Criteria and .
Standards Division, Washington, D.C. October 1980. EPA
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Ofcfc Xuelle
Q.S. F1sh I Hlldllfe Service
ISM Stcond Avenue
Rock Island, Illinois 61201

ifttt Crib Orchard Lake RI/FS

Our Kr. Ruolles

Attached Is a tabulation of OVQC comments on the phast I data
ind recommended data useablllty. Tht QA/QC conmtnts art taken fro*
moios and discussions with ptrsonntl froa tht U.S. Envlronratnttl
Prot action Agancy, Rag ton V, Contract Laboratory Managtmtnt Sactlon
(CPNSi) and tha Quality Assuranct Off let (QAO).

Tht raconnandad data ustablllty Is a concurrtnct of opinion
batwatn njrsalf and parsonntl fro* tht CPNS and QAO. If you or your
contractors dtsagret with thtst rtcomandatlont, pltast contact mt.

ty undarstandlng Is that If data Is consldtrtd not ustablt, 1t
thould not avan ba Includad In Rantdlal Investigation Raport. If
data Is usaabla for scrttnlng only, this should b« Idtntlfltd In the
Report and the data should be separated from data that Is considered
quant Itatlve. Other data qualifiers should also be Identified In the
Report.

It should be noted that specific additional documentation needed
to validate the data are Identified for the ETC CLP organlcs and Ueston
explosives. If this missing '"tmentatlon Is submitted. It Is possible
that this data will be deter*.. ,..d to be more useeble.

Sincerely,

iMchitrl C. Bolct
Site Project Manager

cct II. Cowln, IEPA
Oi. Iyer, O'Brien t Gere



PmrametLaboratory

O'Brien & Gere CLP Organic* Voiaiiies

BNA' s

Pesticide/PCBs

GC screening of soils

QA/QC Problems1

(Reference)

No tuning data
Mass ratio outside limits
for brominated cmpds.
Matrix spikes outside for
some compounds. (2/ZZ/86 memo
from Pat Churilla)

Tuning data unacceptable.
Compound* not found in initial
calibration. Calibration data
missing on two dates. Low
recovery on some samples.
(8/11/86 memo from Patrick
Churilla)

Retension time shift.
(4/Z4/86 and 10/16/86 memos
from Patrick J. Churilla)

Data not assessed in detail

Not ussabla for: 2-
butanoae, vinyl acetate,
4-metbyl|-2-pe«tanooe.
Positive value* are estimates.
Negatives ars not uaaable
unless nothing detected
in whole fraction.

Not useable ffors aniline,
bis (2-chloro-iaopropyl)
ether, 4-chloroaniline,
2-nitro-sodipbenylamina,
benzidene, 3,3-dichloro-
benzidine, di-n-octyl-
ph thai ate, benBo(a)pyrene,
indeno (1,2,3) pyrene,
dibenzo(ah) anthracene.
Positive values are estimates,
Negatives are not useable
unless nothing detected
in whole fraction.

Useable for screening
purposes. PCB results
are qualitative, (p. 2,
9/26/86 from James Adams)

Useable for screening.
PCB results are qualitative.
(p. 2 of 9/26/86 memo from
James Adamsl

Footnote:

(1) Chain-of-custody procedures were not fol lowed in the laboratory for any Phase 1 samples (p. 2, 7/3/86 memo
from James Adams).
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Laboratory

O'Brien & Gere

Paramet

PCB's

Atomic Absorption
Screen (Ag, As, Be,
Cd, Cu, Ni, Pb, Se, Zn)

Mercury

TKN, total phosphorus

Cyanide

Water extract able
nitrate-nitrite

Water extractable
TOC, ammonia, chloride
spec cond., pH, sulfate

TOX in water

TOX in soils

QA/QC Problems
(Reference)

(9/26/86 memo from James
Adams)

No raw data and very l i t t le
QA/QC documentation is available.
Results appear to be inconsistent
with results from previous samplings.
(9/26/86 memo from James Adams)

Very high blank and poor
calibration (8/1/86 memo from
Jay Thakkar; 9/"1' '86 memo from
James Adams)

Strip charts not matched
with raw data. Duplicates and
spikes out of control. (8/1/86
memo from Jay Thakkar)

High detection limit. No
laboratory QC performed.
(8/1/86 memo from Jay Thakkar,
7/3/86 memo from James Adams)

Some strip charts very noisy.
Wrong reading from strip charts
(8/1/86 memo from Jay Thakkar)

No records reviewed.

No records reviewed.

Method not determined.

Data Uscability

Useable ,

Not useable

Not useable

Values estimated.
Useable only for screening
relative values.

Not useable

Values estimated.
Useable only for screening
relative values.

Probably useable for screening
of relative concentrations
only.

Probably useable for screening
of relative concentrations
only.

Not determined.
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Laboratory

ETC

Parmmet«

ICP metals

CLP Organics

Weston

Dioxin/Furan

Explosive residues

Hazelton CLP Organics

QA/QC Problems
(Reference)

(8/1/86 memo from Jay Thakkar)

No calibration data for VGA's
& SNA's. No raw data on spikes
and method blanks. No duplicate
spike. BNA contained TIC's that
could cause false positives.
(8/11/86 memo from Patrick Churilla)

Diphenylethers not checked as
interference (8/11/86 memo from
Patrick Churilla)

Detection limits should be 5x
higher. No retention time
windows. Percent moisture not
reported. Method of calculation
not given. Operating conditions
not reported. (7/16/86 memo from
Patrick Churilla)

(1/14/87 memo from Patrick
Churilla)

Recommended
Data Useability

Estimated values. Useable
for screening purposes only.

PCB results useablei BNA &
Volatiles are estimated and
useable for screening only.
Pesticide-not determined
because no documentation provided.

Useable

Useable with detection
limit 5 x detection
limit reported.

Volatiles, BNA & PCB's
useable except that where
acetone, methylene chloride or
phthalates detected in blank,
there may be false positives
and other positive values will
be estimated and biased high.

Pesticide analyses should be
considered qualitative.

ICAP metals Not assessed
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QA/QC Problem*
Laboratory Parameter* (Reference)

Cyanide Not assessed

Mercury Not assessed

TKN, ammonia, phosphorus Not assessed

Upstate
Laboratories Arsenic, selenium Not assessed

Z2:Z3
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EXECUTIVE SQfRKX

Evaluation of Aniaml Data

The investigation of PCBa' carcinogenic potantial in mica is
liadtad to two abort atudiaa, vhila aoma aight to taa atudiea have
baan reported using varioua atraina of rat. Tha PCB mixturea taatad
tnuii faj: ara : 1) in mica - Kanachlor 300, Kanachlor 400, Kanachlor
500 and Aroclor 1254; aad 2) in rata - Xanaehlor 300, Kanaehlor
400,, Kanaehlor 500, Clophen A30, Clophan A60, Aroclor 1254 and
Aro<:lor 1260.

PCBa bav» baan found to ba tumorigaalc in mica vita Xroelor
1254 producing hapatomms aftar 11 nontha of exposura and Kanaehlor
500 (similar in eoapoaition to Aroclor 1254) inducing
hepiitocallulax carcinomaa aftar I aontha of exposure. Thaaa laaiona
wer« shown to ba ravaraibla and apaeifie for tha doaa (500 ppa) and
chlorination of tha PCB mixtara.

In rata, Xroelor 12CO ox ita aquivalent, Clophan A60, have
producad hapatocallular carcinomas in thraa atudiaa at doaaa of
appjroximataly 100 ppa, a doaa which appeara to rapraaant tha
maximally tolaratad doaa for rata. A review of thaaa thraa atudiaa
indicataa that tha tuaora occur vary lata in tha lifa of tha
animal, with a aignificant incidanea of tuaora only baginning to
appctar aftar about two yaara of axposura. Of intaraat ia tha fact

•-'•'that: in all thraa atudiaa tha PCB traataant, vhila increasing tha
incidence of liver cancer, 'did not increase tha total tumor
incidanc*. Tha total tumor incidanca wma not increased in thaaa
atudies becauaa in each case tha incidanca of other tuaor typaa had
beer, aigaificmntly decreased. Tola auggestion of antituaor activity
of PCBs haa alao baea daaonatratad la a atrody axaaining tha effect
of PCB exposure on tha final ttawr incidence in animals following
tha transplantation of th» Walkar 256 aarcoaa. Tha effects of
chronic FCS-treatmant was not life-shortaning, and in fact in two
of ithe atudiaa th* morbidity and mortality of tha animals waa
actually dacraaaad by PCB traataant. rurtharnora, while tha tumors
ara describad as malignant, i.a. hapatocallular earcinomaa, in none
of tha thraa> atudiaa did tha liver tuaora metastasize to other
organa even though metastasas would ba expect ad if tha tumors were
malignant. So from thaaa atudiaa it ia evident that PCB-tzeatmant
doas not increase tha total cancer riak in thaaa animals, rather it
ahifta tha incidanca of tha type of tuaora observed by
aignifieantly dacraasing aoma tumor typaa whila enhancing tha
incidence of liver tumors. Laatly, PCB mixtures of lesser
chlorination, i.a. Aroclor 1254 and Clophan A30 (similar in
composition to Aroclor~1242, aaa -table 174, paga I, of BrinJonan and
DaKok, 1980), hava been examined in two saparata studies and found
not to b«i carcinogenic. Thus, conclusions to ba drawn from tha rat
data, like tha aouaa data, ara spacific for tha dose and dagrea of

_ chlorination of tha PCB mixture being taatad.
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Possibly because PCBs produce liver hypertrophy* they enhance
., ..... tha tuanrigenesia of certain liver carcinogens if given after the

carcinogen la question has had an opportunity to initiate tuaors.
Rovievec, if the fCB exposure preeedea or is concomitant with
exposure to liver carcinogens the tuaorigenic response is typically
decreased, probably as a result of an enhanced metabolic
detoxification of the carcinogen.

To summarize, tha Qualitative human relevance of tha
carcinogenic activity of PCBa basad on tha animal data is limit ad.
Th» stadias providing some avidanca of its carcinogenic activity
aro specific for tha dagraa of chlorination of tha PCS mixture, tha
*ri:al tumor incidence is not increased, and tha tuaors producad

::rur only vary lata in tha Ufa of tha animal and hava no advarsa
•rifect on tha morbidity or mortality of tha animal. Thara ara othar
considerations that limit conearn for tha eareinoganic data in rats
as wall. PCBs ara not mutaganic, and tha machanism of tuaoriganasis
for thasa compounds tharafora would appaar to involva an apiganatic
macAaniam. Thara is also substantial avidanca that tha dosas usad
to indue* tuaors in rats ara hapatotoxic, and avidanca indicating
thit naoplasas inducad by PCBs ara ravarsibla if tha axposura is
terminated bafora tha animal has baan axposad for a considerable
portion of tha animal's lifaspan. A^l of thasa findings sariously
unclermijie tha human relevance of tha animal carcinoganicity data.
This is particularly true as tha human dosages froa past and
;rtsant human exposures ara far lower than those usad in tha animal
studies., Given these considerations, it is concluded that the

'"""'"'' animal data provides Jt?^*Jgj»ng avidmncm of Hmi+m4 hnmmn rmlmvanf-m
that PCBs of 60% chlorine content (a.g. Aroclor 1260/Clophen A60)
are carcinogenic in animals. For PCBs having a chlorine composition
of 54% (a.g. Aroclor 1254/Kanechlor SOO) there is only

of carcinogenicity in animals because tha larger and
l^r.ger study in rats was nagativa, a finding suggesting that the
reversible affects reported in aice may hava resulted from a
promotion of tha substantial background incidence of liver tumora
occurring in this species. fox the remaining commercial PCS
mixtures (i.e. Aroclor 1248, Aroclor 1242, Kanechlor 400,
K-nechlor 300, and Clophan A30) there is either no mv±de*c» or
i-9'af'?*-±*nt mvifSmne-m for the carcinogenicity of these mixtures in
animals .

Evaluation of Epideniological Evidence

evidence for human carcinogenicity would be supplied if the
two major epidemiological - studies of PCB-exposed workers
demonstrated a consistent increase in cancer mortality. This
increase should show a positive correlation with exposure and
evidence of latency. The evidence for carcinogenicity would be
strengthened if the incidence of specific types or sites of
neoplasms were consistently elevated. In reviewing the data from
tJiese two cohorts, none of these conditions are met.

IV



Whila Bertazzi at al. (1986), in their study of Italian
PCB~expos«d workers, found a statistically significant elevation in
the rate at cancer mortality among both male and femal* workers,
tha orach larger study of Brown found no increase in cancer
•ottality. Zn the Brown study, there were higher-than-expected
incidences of rectal and liver cancer. Evidence for an association
between PCB exposure and these malignancy types cannot be
considarad strong, however, in that: 1) no casas of ractal cancar
vara observed aftar tha initial caport, suggasting that this
incretasad rat a was anomalous, 2) tha numbar of casas of liver
cancar observed in this study is not appreciably graatar than
expected whan examined without total numbar of liver neoplasms used
by Brown which includes those liver cancers that have metastasized
from other organs,. 3) in comparison, tha study by Bartaxzi et al.
found only ona case of liver cancar and no casas of ractal cancer
in thair cohort/ and 4) tha absence of a clear association with
latency or relationship with duration of exposure.-

Tha primary sites of neoplasms contributing to the
higher-than-expected cancar mortality rates in tha Bertazzi studies
were located in the digestive system and the hematopoietic and
lymphatic systems. These ware net increased in tha larger cohort
reported by Brown. Further, in tha Bertazzi cohort, there was no
evidence of latency or relationship batwaan cancar mortality and
exposure to PCBs. It should also ba notad that in tha larger of the
two subdivisions of thair cohort, tha female workers, differences
in incidences of causes of death presumably unrelated to PCB
exposure (viz., increases in accidental death .and decreases in
deaths from cardiovascular disease) ware of similar magnitude as
increases in death from malignant tumors. This suggests, at least
for this group, that othar confounding variables may exist.

In summary, epidemiological evidence for human carciiiogenicity
of PCBs is at present w«ak and mostly negative. As such, until
larger epidemiological studies can be completed, the data must be
considered inadggnage to charsc+mrizm P̂ "°T as hu.ffr* eargi.•???«.•?*.



SMmary Table

itfl _
Thara ia mnfflclpnf *v±t4»nfq of limifptl human r« T«w«f^ r

for tha carcinoganicity of Aroclor 1260 in aaiaala.

human •vidaoe* for carciaog«nicity of this compound is

lgg4/TT»n»ghlog 100
Thar* la inadm?uat» •v±dmnf^ for tha carcinogenicity of

Aroclor 1254 in aniaala.

Tha human avidanca for carcinoganicity ia nagativa but

lg4i/1C«fi>ghlag 400 •
Thara i5 no 9vie4»ne?m/ln9ufflcimn£ 'gvlrfgngp for

carcinoganicity of Aroclor 1248 in aniaala.

Tha human avidanca for carcinoganicity ia nagativa but

_ _
Thara ia aithar no mvidmncm or Innuffidmnt. gvJdenga for

tha carcinoganicity of thaaa mixturaa in animals.

Tha human evidence for carcinogenicity is nagativa but

vi



exaeraocntre mr
•-i ,

1.0 Carciaoganieity aad ftalated fftudlea Xa Animala

1.1 Stadias la Hie*

Hagasaki at al. (1972) Initially examined the
bftpatocarcinogenic effects of Japanese brands of PCB fluid* by
faeding mala odea diatary lavala of 100 ppa, 250 ppm, and 500 ppm
for 32 weeka. Aa thia particular citation rapraaanta a abort
communication, datailad discussions of tba experimental da sign and
biatopathological examinatioaa of taisr investigation wara lacking.
ABI iaczaaaad incidanca of livar tumors waa found in only ona of tba
traatmant groups, tboaa mica racaiving tba 500 ppm diat of
Kiinachlor. 500, where bepatoma>a warm, idantifiad in 51% or 7/12 of
the animals— .The. livers. from, aniaala in. thit group alao eontainad
nodulax: azaaa and many nacrotic. foci.. In abarp contraat to tbaaa
findings-, no bapatomaa and nona of tbasa biatopatbologic cbangaa
w«ra obsarvad in animal a racaiving lower doaas of Kanechlor 500 or
iri any of tba animals racaiving Kanacblor 400 or Kanacblor 300.

...Tba raaulta of tbe above atndy alao appear to have been
• .reported in two otbar journal* undar -Xta at al. (1973atb) . Aa in
.... tlia pravioua: atudy it. waa.raportad tbat mala mica of tba ddY strain

witra fad diata containing Kanacblor 300, Kanacblor 400 or Kanacblor
300 at. diatary lavala of 100", 250 or 500 ppm for 32 waaka . PCBa
significantly increased tba livar vaigbta of tba animals, and at

<!„,,„/ tba highest dose of Kanacblor 500 tba livar :body waigbt ratio bad
increased 3-fold witb biatopatbological examination of tba livers
riivaaling a focal hypertrophy in tba cantrilobular hapatocytas of
non-naoplastic areaa . Another cbanga obsarvad in all PCB
treatment groups, except tboaa racaiving 500 ppm of either
Kanachlor 500 or 400, waa a marked amyloid degeneration of tba
livar in tba space batwaan tba sinua andotbalium and the
bopatocytas. For some reason, tba livar tumors in tbaaa more
rocem: publications (Zto at al, 1973aftb) bava baan raclassifiad,
and tbtt tuaora raportad aa bapatomaa in tba previous communication
(Hagaski at al., 1972) ara now listed aa carcinomas (Ito at al.,
1973 aitb) . That ia, in tba group racaiving 500 ppm of Kanecblor 500
(originally daacribed aa having bapatomaa in 7/12 animals) nodular
hyperplasia «•• found ia 7/12 animala (58.3%) while 5/12 of the
llvara (41.7%) aow bava wall-differentiated bapatocallular
carcinomas. Tba carcinoma calls wara raportad to be comprised of
irregularly abapad calls witb pyknotic nuclei and occasionally bad
mitotic nuclai. Tba reason for cbanging tba claasification of
theae naoplaama from bapatoma to carcinoma ia not provided. Of
aosM interest to discussions of tba carcinogenic potential of PCBs
is tba fact tbat all of tba -otbar doses of all three .Kanechlors
t«atad failed to produce even nodular byperplasia. Thus, the
tumorigenicity reported was quite specific for the dose and the
extent of chlorination of the Kanachlor being tasted.

Kimbrougb and Linder (1974) examined the effects of PCBs in



cm and obtained results consistent with those found for the
'.»,,.<aser-chlorinated Kanechlors of the preceding study. Groups of 50
•«!• Italb/eJ mice wexe fed 300 ppm Aroclor 1234 for either̂ . 11
months or for € months followed by a 3 snath recovery p«riod. tfeo
authors" pointed out that this dietary level was some 2,500 times
the Feted aad Drug Administration's estimate of the average human
daily PCB intake from food during th« early 1970' a. About on«-half
of the aaimals in each PCB treatment group died during the first 4
montht, but this problem seems to have been unrelated to the PCB
treatneat as control aaimals suffered a similar incidence of
mortality. Of the 22 mice, •arriving. the IV month feeding study,
all itaimals had hepatomegaly., with . the live*, representing
approximately 23% of their body weight in comparison to the 5.1%
liver: body weight ratio measured for the coatrol animals.
Adenoi!ibrosis (i.e. cholangiofibrosis) was observed in all 22
livern taken from mice fed PCBs for 11 months, however 13/64 livers
taken from control animals had occasional, small areas of necrosis
and fibrosis. Of the liver* taken from animals receiving 300 ppm
Aroclor 1254 for 11 months, the nuclei were enlarged,
hyperchromatie and atypical. The cytoplasm was either smooth or
vacuoilated, and the Kupffer cells contained a brown pigment. Some
of these livers had extensive necrosis and. fibrosis. Zn each of the
livers, several areas of hepatocytes had been replaced by
proliferating epithelial cells which formed ducts and often
produced mucus. Zn addition to these histological changes, 10
hepatomas were found in 9 of these livers. The tumors were
described as well circumscribed and surrounded by compressed
j»arenchvma or strands of fibrosis. Zn the 24 surviving mice fed

....... PCBs for only 6 months followed by a 5 month recovery period, only
one liver contained a hepatoma. Yet, liver fibrosis was observed
in two-thirds of these animals and hepatocellular necrosis was
evident in most of the livers.

1.2 Studies ia. Hats

iviaura and Baba (1973) exposed 10 male and 10 female Donryu
rats to a variable dietary level of Kanechlor 400 for 400 days.
The diet initially contained 38.3 ppm and was fed to the animals
for 4 weeks; the dietary level was then doubled and provided for
the following 8 weeks; the initial dietary level was then increased
4-fold and provided for 3 weeks; it was then increased 8-fold and
fed to tin animals for another 3 weeks; finally it was increased to
16 times the initial lavel and fed to the animals for 3 more weeks.
This last increase in the dietary levels of PCBs (a level that was
approximately 016 ppm) was found to be too. toxic and caused a
considerable weight loss ia the animals. Za response to the
toxicity observed at this dose, the dietary level vas reduced to
462 ppm for the remaining 32 weeks of the study. Further
complicating interpretations of this study is the fact that animals
died or 'are sacrificed at various times throughout the experiment,
therefor* the total PCB dose each animal received may differ.. Zn
general, the total amount ingested was thought to be 1300-1800 mg
for the group of male animals and 1100-1500 mg for the female
animals. Microscopically the livers of all of the treated animals



tWiained fatty degenerative change*, and while 6/10 of the livers
from fenale aaiaals) bad adenomatous nodules, none of the livers of
the mal«» animals contained such nodules. However,the liver nodules
observed la the female animals do not appear to be related to the
PCS trefttiMni: as 2/5 (40%) of the livers from the control female
animals also contained adenomatous nodules.

Za a second study Kiaura et al. (1976) fed 12 female Donryu
rats diets containing 400 ppm Kanechlor 400 for 6 months. The
estimated dose corresponded to a total of 531 mg of PCBs during
this period.. Eight of the 12 animals were then sacrificed 590
days after the feeding began. None of these animals developed
hepatocellular carcinoma, and 9/12 of the livers were normal in
appearance, suggesting that the degenerative changes observed in
the previous study are reversible.

Xto et al. (1974) fed male Wistar rats Kanechlor 300,
Kanechlor 400 or Kanechlor 500 at dietary levels of 100, 500 or
1,000 ppm for up to 52 weeks. Mo hepatocellular carcinoma was
found in the livers of any of the treated rats. The highest dose
of all three Kanechlors did produce a cholangiofibrosis of the
liver/ but this effect was not observed at the lower doses with any
of the Kanechlors. Modular hyperplasia was observed in 30-40% of
the rats exposed to the two highest doses .of Kanechlor 500 (i.e.
*iaes of 500 ppm and 1.000 ppm) and in animals receiving a diet

itairiing 1,000 ppm of Kanechlor 400. Oval cell proliferation and
1 Wll,,i61iforation of the bile duct cells were observed in all treatment
groups. Hypertrophy of the centrilobular cells was also evident in
animals receiving the highest dose of the two most heavily
chlorinated PCB mixtures. Fatty changes and fibrosis were also
observed in the livers of animals of several of the treatment
groups. .The fatty changes, hypertrophy and fibrosis of the liver
all tended to be-present and correlate with the observation of
nodular hyperplasia^ suggesting that these changes may have been
contributory factors.

Kimbrough et al. (1975) published the first major positive
study demonstrating that Xroclor 1260 caa produce hepatocellular
carcinoma ia the rat. In this study 200 female Sherman strain rats
were fed Aroclor 1260 at a dietary level of 100 ppm for
approximately 21 months. There was a statistically significant
6-7% decline ia the weight gain of the animals exposed to PCBs in
this study suggesting that the dose used approximated the
maximally-tolerated dose. The incidence of the histopathological
findings from this study are summarised in Table 1. The most
consistent histopathologic difference ia the PCB treatment group
was the finding of hyperplastic or neoplastic nodules in 144/184
(78%) of the livers. More importantly, however, was the finding of
hepatocellular carcinoma in 26/184 (14%) of the PCB-tre*ted
animals. The tumors were well-differentiated neoplasms of the
rabecular type, except in three of the animals which had tuners

, vith it glandular, papillary pattern. Foci of coagulative necrosis
were occasionally observed in the cancerous areas, but there was no
fibroaia or other evidence of chronic degenerative changes. Tumors



in areas other than the livtr were not listed as significantly
different, however, in aom« cases there was a substantial decrease
la the tumor incid«nc« of other tissues, e.g.

TAIL! 1

lUsults of Carciaogeaasia Bioaaaay of Aroclor 12(0_

Tumor

Organ/Tissue

Liver

Thyroid gland

Mtuitary gland

Mannary gland

Ovary '•

Tumor Type

Bepatocellular carcinoma
Neoplaatic nodule*
Areas of cytoplasaic alteration

Farafollicular call turner

Cnroaopbobe adenoma

ribroadenoaa

.Granulosa theca call tuaor

Control
Animals

1/173
0/173

21/173

'37/UO

41/1S3

17/173

5/141

Aroclor 1260
Animals

21/184
144/114
112/114

11/164

21/131

13/114

0/113

Adapted, in part, from Kimbrough at al. (1975)

ait in the case of parafollicular cell tumor* of the thyroid. The
total incidence of extra-hepatic tumors in the Kimbrough et al.
(1975) study was 134/173 (74%) in control animals versus 110/183
(60%) in Aroclor 1260 treated animals. So while PCBs had
significantly increased the liver carcinoma incidence, the total
tumor incidence <7i% in control animals -vs- 74% in Aroclor
animals) in PCB-treated animals was actually slightly less than the
incidence for control animals. The PCB treatment was also not
life-shortening; on the contrary, about twice as many control
animals had died for various reasons before the experiment was
terminated at 23 months.

Calandra (1976) at the 1975 PCS conference sponsored by the EPA
reported the findings of several chronic studies performed by a
commercial laboratory for Monsanto. While these studies have never
beea published -the xeaults were recently reviewed by Levinskas
(19191). In this study 1,000 rats were divided into ten groups of
100 animals (50 of each sex) and nine of these groups were exposed
to Aroclors 1242, 1254 or 1260 at dietary levels of 1, 10 or 100
ppn. Apparently five animals of each sex were sacrificed at 3, 6
and 12 months with about 35 animals to be killed at the end of the
two year study (EPA, 19tO). In the animals sacrificed early, only



on i> nodular hyperplasia was observed aad it was IB the group fed
•'„ 100 ppm of Aroelor 1260 for 12 months. Mortality in this study was

high-rod approximately oa»-tair*-ef ~taa 109 animals anticipated to
ba exposed for tvo year* at each dietary laval diad. Bapatomas
vex* 'obsarvad la 7/25 livars from animal* fad 100 ppm Aroelor 1260,
in 4/29 fad Aroelor 1254, 3/lf fad Aroelor 1242, and only 1/168
animalii racaiving tha 1-10 ppm diets. Modular byparplatia was
tviea as prevalent as hapatomas la tha high do*a animal*,
particularly in tha Aroelor 12S4 group.

Za 1978 tba National Caaear Zastituta examined tha carcinogenic
potantial of Aroelor 1254 (NCI, 1971). Groups of 24 mala and 24
faaala Wistar rats were fad Aroelor 1254 at dietary lavals of 25,
50 or 100 ppa for 105 weeks. Clinical signs of toxieity including
hair loss, faeial edema aad cyanosis occurred by weak 72 in tha
high dosa animals and tha mean body weights wara roughly only
2/3-3/4 that of thair respective controls. This decrease in body
waight axcaads tha no more than 10% weight loss guideline for tha
estimated maximally tolerated dose that is part of the NCI
guideline for cancer bioassays (WCI, 1979). Several histopathologic
changes occurred ia tha livars of animals receiving PCBs that
appeared to be related to tha ?CB treatment, particularly the
incidence of hyperplastic nodules and adenomas. Male animals had
one Jiapatocellular carcinoma—in tha 50 jtpm group and .only 2 ia_tha
100 ppm group. Although tha incidence of these tumors was not
significant* tha occurrence of prolifarative lesions did appear to
ba dosa related. Za reviewing this bioassay, the Data Evaluation/
Risk Assessment subgroup of tha Clearinghouse oa Environmental

'" Carcinogens responsible for providing peer review of MCI studies
concluded the following :

"It is concluded that, under the conditiona of tha
bioassay, Aroelor 1254 was no* e>reiHag«aie ia Fischer
344 rats;-however, a high incidence of hepatoeellular
proliferativa lasioaa ia both mala aad female rats ware
related to treatment. Za addition, tha carcinomas of the
gastrointestinal tract may ba associated with treatment
ia both males aad females. Based oa the liver
proliferativa lesions in the treated rats and published
reports, it is suggested that Aroelor 1254 may be a
tissue promoter.*

Morgan at al. (1981) have taken tha same tissue sections that
originatttd ia the VCZ bioassay (VCZ, 1978), stained the stomach
seenions for alkaline phosphatasa, and then re-sectioned these
tissues for histological evaluation ia conjunction with those
provided in the HCI study itself. The final incidence of alkaline
phoapbair*ee rich areas was 6.4%-±a controls, 10.4% 'in animals fad
25 ppm Aroelor 1254, 16.7% ia tha 50 ppm group, and 35.4% in the
100 ppm group. These changes wara most often noted in the pyloric
region o:E the stomach and duodenum (88% of the lesions were found

^ in these areas), suggesting a toxieity specific to the cells of
''"-' thcjie areas. Gastric adenocarcinomas comprised six of the 33 total



lesions identified in theae alicea. Iferae ware found ia tiaaues
from the SCT ppm treatment group and two 'in the animal group fad 100
ppm. Thtsa,,$hO "increased incidence of tail tumor'-was not related
to taa> dot* of YCBs. Tha remaining 27/33 lesions identified ia
tali ttudy w«r« deacribad •» intestinal metaplasia. The author*
coaefrded that the actual auabar of lesions th«y believed should
havt been observed ia the G.I. tract tiasue •action* of tha MCI
study 'vaa twice tha numbar of laaioaa raportad ia tha original MCI
study. Further, and on tha baaia of thair findings, tha authors of
thii papar coneludad that chronic oral Aroclor 1254 axpoaura may
lead to tha induction of intaatinal iaataplaaiar and possibly to
adenocartfinoma of tha glandular stomach of tha Fischar 344 rat
(Morgan at al., 1981).

Ward (1985) baa alao published a raviaw of tha alidas
originating from tha HCI bioassay. In addition to tha
aforemantionad dosa-ralatad daprasaion of body weight, Ward (1985)
also discussea, in soma datail, tha substantial dacraasa in animal
survival that occurrad ia thia atudy. Whila tha survival rata ia
control animals and in tha traataant group racaiving 25 ppa was 92%
and 83%,, raspactivaly, only 58% of tha animals racaiving tha 50 ppm
diet and 46% of tba animals fad diats containing 100 ppm survived
to tha and of tha bioaasay. Focal hyparplaaia was of tha
•ori.noph4.lic type and-was .only observed in PCS-treatad animals. If
compression vaa found on two aidaa of tha neoplasm, Ward diagnosed
tha- lesion aa hepat©cellular adenoma. A total of 13 eoainophilic,
basophilie or vacuolated adenomas were identified. All of these
occurred, with one exception, ia those animals fad tha two higher
dietary levels of Aroclor 1254 and tha occurrence of adenomas was
slightly greater in the mala animals (8/13) . Similar to the
findings of the NCI (1979) report, only two liver carcinomas were
identified, both occurred ia male animals racaiving tha 100 ppm
diet. Ward (1985) alao raportad that Aroclor 1254 increased the
incidence of intestinal metaplasia and gaatric adenocarcinoma. Aa
in his earlier report with Morgan and Bartman (Morgan at al.,:L981),
the change ia adenocareiaoaA vaa aaithar aignificant. nor
do3«-related. A significant increase in intestinal metaplasia was
only observed in the 100 ppsi dose group. Thus, the Ward (1985)
study is still consistent with tha previous NCI (1979) bioassay.
No statistically significant increase in liver cancer or cancer of
other tissuaa was observed, but tha 100 ppm dose does lead to
significant intestinal metaplasia. Ward mentions the fact that the
liver lesions ha observed were predominantly of the eosinophilic
type rather than tha baaophilic type generally observed in the
control animala. Based on these changes Ward proposes the idea that
these data may suggest that PCBs ara capable of initiating liver
tumors rather than promoting tha background tumor incidence. Yet,
in contradiction of his suggestion, Ward also makes note of the
fact that "Inducing agents like FCSs -and phenobarbital cause a
proliferation of the smooth endoplasmic reticulum (SEA) of the
liver. As a proliferation of tha SCR givea rise to an eosinophilic
appearance of the cytoplasm, tha liver hypertrophy and induction of
microsomal entymes asaociatad with PCS exposure provides an obvious
explanation for the basophilic to eosinophilic change Ward noted in



'the cell? lax appearance of the liver tumors of PCB-treated animals.

Schaef far at al. (1984) used * total of 432 weanling tiatar
rats to examine the effecta produced by chronically feeding rat*
Clophen A60 (equivalent to Aroclor 1290) or Clophtn A30 (similar in
composition to Aroclor 1242; BriaJunan and DeKok, 1980) . The atudy
conaiated of thraa groups. Group 1, a control group of 139 animals
receiving the normal diet* Group 2 with 152 animal* receiving a
diet containing 100 ppm of Clophen A30, and Group 3 which consisted
of 141 animals fed a diet containing 100 ppm of Clophen A60.
After day 801 animals were randomly selected and killed, and the
experiment waa terminated on day 832. The Clophens used in this
atudy were reported to be free of any chlorinated dibenzofuran
contamination, but the level of detection for this analysis was not
upecified. In those animala necropaied prior to day 800,
hepaicocellular carcinomas were only identified in the PCS treatment
groups, one in Group 2 and a total of 9 were observed in Group 3.
This latter number wes statistically significant for the Clophen
A€0 treatment, but represented a liver cancer incidence of only 7%
for the entire group. In contrast, the incidence of thymoma was
significantly reduced by PCS treatment declining from 12% in the
control group to 3-4% in the treatment groups. Likewise the total
number of the remaining types of neoplasms was significantly
reduced by the PCS treatment, with Clophen A60 causing the— greatest
reduction (from 52 in controls down to 18 in the Clophen A60
ixoup) . The final results of this study are shown below in Table

,i<2. The incidence of hepatocellular carcinoma was significantly
increased only in those animals receiving the Clophen A60. Thus,
the results of this study were consistent with the previous rat
studies, i.e. Aroclor 1260, or its equivalent, was reported to have
induced hepatocellular carcinoma in rats while a lesser chlorinated
PCS mixture was not carcinogenic.

Table 2

frequency of Bepatocellulax Alterations Induced by Chronic
Feeding Studies with Clophen A30 and Clophen A60

of Foei V*oelastie Module* Henatoei*! »r carcinoma.

Controls
(group 1)

6/131
(4.5%)

5/131
(3.8%)

1/131
(0.8%)

Clophen A30
(group 2)

€3/130*
(48%)

38/130*
(29%)

4/130
(3%)

Cloph<»n A60
(group 3)

3/126
(2.4%)

63/126*
(50%)

61/126*
(48%)

•̂"'denotes a significant difference from the control value (P<0.0 5 )



Xa a letter to the editor. Young (1985) comments on several
additional, interesting and important aspects of the Schaeffer et
»!.' (1984) study that were not noted by the authors of this paper.
Young** analysis of this data focused on the effacts of PCS
exposure on tumor incidence in liver, on tumor incidence in
extra-hepatic tissues, and on mortality. The tables generated by
Young (1985) are provided below in Table 3.

Table 3

The Incidence of Hepatoeellular Carcinoma, Other
Heoplastic Lesions/ and Mortality by Time Period

Control
Time Interval

(days)

A. H*patoc~ellular carcinoma

301-400 0/137
401-700 0/in
701-800 0/92

». Other Neoplasms

301-400 0/137
401-700 32/111
701-800 30/92

Clophen A30

0/150
0/122
1/107

1/150
11/122*
15/107*

Clophen A60

0/135
0/115
9/85*

2/150
9/115*
7/85*

C. Incidence and Percentage(%) of Mortality

101-400
401-700
701-800
1-800

2/139 (1.4%)
45/137(32.8%)
39/92 (42.4%)
86/139(61.9%)

2/152 (1.3%)
43/150(28.7%)
20/107(18.7%)
65/152(42.8%)

3/141(2.1%)
23/138(16.7%)
30/85 (35.3%)
56/141(39.?%)•

* Different from control value (P<0.05),X

Young points out that the Schaeffer et al. (1984) study actually
demonstrated three things. These are : 1) that a significant
increase in hepatocellular carcinoma occurred only in the animals
receiving Clophen A60, 2) that PCS treatment resulted in a
significant decrease in other neoplastic lesions, and 3) that PCB
treatment significantly increased the chances of survival of the
animals. Given these findings, Young states that it is difficult
to conclude, given the balance of the data, whether or not the PCB
treatment: was in fact detrimental' to the rats in light of the fact
that the PCB treatment significantly enhanced the rate of survival

8



and significantly decreased the total tumor load of the exposed
rat». la essence, he questions the human relevance of tumors which
occur' only vary late ia the life of the animal, are not
lifir-shortening and do not metastasize to other organs of tha body.
Thu»r to quote Young :

*Xf tha purpose of long-term studies is to axtrapolata to
humans, than ona finds it difficult to infar dire
consequences to humans whan the treatment is beneficial
ia tha model system. Is the model only useful for
inferring bad events? The model should be equally valid
for detrimental and beneficial effects."

Lastly/ the analysis of Young also calls to question a suggestion
mada by Schaeffer at al. (1984), which was that the decrease ia the
incidence of thymoma might be caused by immunosuppressive effects
of PCBs. While PCBs caus* thymic atrophy at certain doses, any
proposed immunosuppressive effect cannot be considered to have a
significant clinical impact when the treated animals did not
ultimately suffer a greater incidence of morbidity or mortality
from either infectious diseases or the cancer induced by this
treatment.

Tbe—iart major rat —sl7tt*y--reported -is -that of. ttorback and
Weltman (1985). These investigators fed 70 male and 70 female
Sprngue-Dawley rats a diet containing 100 ppm Aroclor 1260 for 16
months followed by a reduction to 50 ppm for the next 8 months.

r The animals were then fed a control diet for the remaining 5 months
*"' of their lives. XI1 results were compared to a control group which

initially consisted of 126 animals, 63 of either sex. At various
tim« points throughout this study two control animals of each sex
and three PCB-treated animals of each sex (10 animals in total)
wens anesthetized with ether and the medial left lobe of the liver
of each animal was surgically removed. These tissue samples were
taken at 1, 3, 6, 9, 12, 15, and 18 months. At 24 months a similar
group was killed and at the end of 29 months all remaining animals
were sacrificed. The induction of liver hypertrophy ia the
centrilotonlar area of the lobule was avident at the first
observation period made one month after the PCB diet was initiated.
By the 18th month the liver:body weight ratio had increased from 4%
to !L2% in the female animals. Hacroscopically these investigators
noted evidence characteristic of neoplastic nodules near the
capitular surface, hepatocellular carcinomas and adenofibrosis. In
tha PCB-exposed group, the observed lesions appeared in the
following sequence : centrilobular hypertrophy at 1 month, foci of
cells appeared at 3 months, foci of altered cells in the
centrilobular and midzonal regions at 6-9 months, neoplastic
nodules appeared at 12 months, trabecular carcinoma was observed
after 15 months and adenocarcinoma~at 24 months. Simple cystic
cholangioma and adenofibrosis appeared in animals 18-23- months
after the exposure began. There was no evidence of metastases to
the lungs. All trabecular carcinomas had cell arrangements with a
glandular, ductal or cystic pattern and all adenocareinomas had

..„ • some elements of tha trabecular pattern of growth. The lumens of



.....he adenocArcinomas were the apparent result of cellular necrosis.

Tht incidence of tumors -la aaimals 18 months or older' are
presented below in Table 4. It should be noted that 7-8 animals

Table 4

Incidence of Hepatocellular Neoplasms

Incidence or % Tumors Observed
actual mimher of animal* wifh

V. Control A&imals

Male

m»J2>

Female

(H*49i

Total

(••aii

Trir :i=ular carcinoma
Adenocarcinema
Number negative

B.. Aroeloi: 1260 Animals

Trabftculaz carcinoma
Adenocarciaoma*
Neoplastic nodal* only
Wumber negative '.

0%(0/32)
0%(0/32)

100%(32/32)

C»M6)t

4% (2/46)
0%(0/46)

11% (5/46)
851(39/46)

01(0/49)
0%(0/49)

981(48/49)

(HM7)tt

401(19/47)
51%(24/47)

4%(2/47)
4%(2/47)

01(0/81) •
0%(0/81)

99%(80/81)

(B»93)

23%(21/93)
26% (24/93)

8%( 7/93)
44%(41/93)

'""T Tbe total eu«bex includes 8 *nim»L» that bad received • partial bepatecteny
during tbe first II aontha.
tt The total nunber include* 7 aninals that had received a partial hepatectony
during the first II months.
* Aniaiils with both trabecular carciaoaa and adenoeareinoaa were placed only
in the adenocarcinosu group.

sacrificed aftsr 18 monthSr !••• at Isast 15% of the group of
anisals in which 1st* developing tumors were observed/ had

-- ---?.9 a partial hepatectomy during the first 18 months. The
.. of this cannot be determined from this experiment, but

r^rtiul hepatectomy has been used as a promotional stimulus to
increase the incidence of liver tumors induced by other
carcinogens. Therefore, it is unfortunate that the authors did not
note or describe the possible influence that this might have had on
the final tumor incidence measured. Another important factor to
consider, and one which is not readily apparent from Table 4, is
that almost all of the tumors reported in this study were very
late-developing tumors. In Table 1 of their paper, only 4
trabecular carcinomas and only ^ adenocarcinomas had developed
between the 18- and 24-month sacrifices. Thus, 35/41 or some 65% of
the liver tumors observed*in this study developed in the last 25-29
month period of the study. These tumors had not metastasized to
other organs, and none appear to have been life-shortening.
oncerning this last aspect, unfortunately no information is given

— concerning the cause of death for any animals dying early, . or
concerning the number of animals lost. But from the data supplied

10



rt would appear that a number of early deaths occurred only in the
"$roup of atale control animals. Theae same observations were also
noted by the author*, who stated ia the discussion of this paper :

m Although the tumors net the morphological criteria for
•alignancy, their biologic behavior was relatively
unaggressive. The neoplasms did not metastasize to
distant organs nor invade blood vessels. Mortality of the
animals was not increased. The lack of greater morbidity

' or mortality ia likely due to alow progression of the
n«oplastic process and late appearance and alow growth of
the hepatocellular carcinoma.*

The authors further noted that it remains to be established whether
PCBs have an initiating effect or whether the neoplasms observed
result from the promotion of a background incidence of initiated
cells.

1.3 Studies Zn Other Speciee

Cailandra (1976) reported, in summary form, a careinogenicity
bioassay performed in dogs. Groups containing 4 male and 4 female
dogs were fed 1, 10 or 100 ppm of Aroclors 1242, 1254 or 1260 for
two years. While this exposure interval is for.a. period of time
that is considerably less than the lifetime of the species being
Bested, no remarkable findings were reported.

1.4 Title If facts of PCBs oa Other Liver Carcinogens

PCBs have been tested in numerous studies to determine whether
they alter the careinogenicity of other chemicals. The evidence
obtained from such studies is sometimes inconclusive, and in
several instances similar studies have produced conflicting
results. The results of have b«en summarized in the following
paragraphs and in table 5 located on page 13 :

• A number of studies indicate that PCBs administered
after a carcinogenic dose of a liver carcinogen enhance
the incidence of tumors. Nishizumi (1976) found that
Kanechlor 500 promotes liver tumors initiated by
diftthylnitrosamine. Kimura et al. (1976) demonstrated
that Kanechlor 400 can promote the liver cancer induced
by 3*-methyl-4-diaethylaminoazobenzene (MeDAB). Ito et
al. (1978) ini t iated liver tumors wi th
N-2-fluorenylaeetamide and then increased tumor incidence
by feeding the rats diets containing 1,000 ppm of PCBs.
Pr«ston et al. (1981) have reported that Aroclor 1254
with or without polychlorodibenrofuran •contaminants can
promote the liver cancer initiated by diethylnitrosamine.
Osterle and Demi (1984) demonstrated that this effect can
be produced in weanling rats, although the immature
animal is less sensitive. Demi et al. (1983) have also
found that an initial PCB pretreatnent to increase
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OJLi dative metabolism, followed later by PCB
ad«ini»tratioa for its-promotional effects, increased the
number of rat liver preneoplastic islands. Similarly,

>ereira et •!._ (1982) demonstrated that Xroclor 1254
promoted the number of diethylnitrosamine-induced

lenxyme-altered foci in rat livers. Recent work by Demi
and Oesterle (198?) has shown that while PCBs are capable
of promoting the liver tumors initiated by
diethylnitrosamine, the threshold for this effect is
about 1 mg/kg/day and correlates strongly to the
induction of MFO activity and subsequent liver
hypertrophy that the induction of drug metabolism
normally produces (Greim et al., 1915).

• Za contrast to the above studies, Cans and Pitauro
(1986) reported Aroclor 1254 increased the incidence of
liver scarring in mice fed diethylnitrosamine, but PCS
treatment did not enhance the formation of liver nodules.
Aral et al. (1983) also reported that PCBs administered
to rats following an initial exposure to
dimethylnitrosamine increased the incidence of liver
tumors» however, this same dosage regimen decreased the
incidence of kidney tumors produced by DEN.

• Conflicting results have been reported in trout
where the effect of PCBs is dependent upon the time of
PCB administration as well as the carcinogen it is
administered with. For example/ Bendricks et al. (1980)
found that PCBs did not promote the incidence of liver
tumors induced by aflatoxin B^ in trout, even though the
trout were fed a diet containing PCBs for 12 months after
the aflatoxin Bt exposure. However, other studies by
She It on et al. (1984a) have demonstrated that PCBs exert
an inhibitory effect on the incidence of liver tumors
initiated by aflatoxin Bl when PCBs are co-administered
with this liver carcinogen. Alternatively, trout fed
diets containing 1100 ppm diethylnitrosamine + 100 ppm of
either Aroclor 1242 or Aroclor 1254 had a greater
incidence of liver cancer than did trout fed diets that
only contained 1100 ppm DEM (Shelton et al., 1984b) .

• Loury and Byard (1983) observed that Aroclor 1254
enhanced the DMA repair response of amino acid pyroiysate
snitagens in primary hepatocyte culture when the PCBs were
given three days prior to cell isolation. Thus, it
appears that these effects are related to a PCB
enhancement of oxidative metabolism. In contrast, Nesnow
et al. (1981) found that Aroclor 1254 did not enhance the
benzo(a)pyrene-mediated transformation of C310T1/2CL8
mouse embryo fibroblasts even though a number of other
chemicals known to induce drug metabolism were positive
in this test.

• PCB exposure in utero and during nursing protected
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'' Wistar rats and CD-I mice from diethylnitrosamine-induced
li-/«r tumors—Wishizumi,-1980 r Anderson tt al., 1983).
Likewise Kisrara et *1. (1976) found that PCBs given
before or during MeOAB exposure decreased the incidence
of HaDAB-induced liver cancer. Similarly, Makiura et al.
(1974) have shown that the co-administration of PCBs with
th« liver carcinogens HeDAB, N-2-fluorenylacetamide and
diitthylnitrosamine decreases tumor incidence. Trout fed
diets containing PCBs prior to their exposure to
aflatoxin had a reduced frequency of liver tumors induced
by the aflatoxin (Hendricks et al. 1977). This effect
is perhaps explained by Stott and Sinnhuber (1978) who
demonstrated that PCBs reduced the bioactivating ability
of trout microsomal fractions used to test the
outagenicity of aflatoxin B^.

• Zn dermal initiation-promotion assays PCBs have been
found to diminish the initiating activity of certain skin
carcinogens and to be devoid of any promoting activity
(DiGiovanni et al.f 1977; Berry et al., 1978). Similarly
Hayes et al. (1985) examined the effects of PCBs on the
proliferating hepatocytes in livers of young animals or
adult animals after partial hepatectomy. They concluded
that short-term PCB exposures do not have an initiating
action in an in vivo assay that detects 'both hepatic and
extra-hepatic initiating carcinogens.

• In contrast to its reportedly adverse effects on the
immune system, Kerklivet and Kimeldorf (1977atb)
demonstrated that PCBs administered either in the diet or
by injection reduced the size of Walker 256
carcinosarcomas transplanted to rats and increased the
lifespan of the PCB-treated animals.

Table 5

Summary of PCL Interactions With Other Carcinogens

Study Carcino^nn Results

diethylnitroaamine promotion (liver tumors)
(1976)

Kinmra et al., Me-DAB promotion (liver tumors)
(1976)

v._.-to et al., N-2-fluorenylacetamide promotion (liver tumors)
(1978)
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Bendricks et al., aflatoxin Bl
.(1980)

Pre 11 ton et al., diethylnitrosamine
um»

Perttira et al., diethylnitrosamine
(1982)

Demi et al.,
(1983)

Aral et al.,
(1983)

benzo(a)pyrene

dimethylnitrosamine

it & Pitauro, diethylnitrosamine
(1986)

Demi & Oesterle, diethylnitrosamine
(1987)

no effect

promotion (liver tumor*)

promotion (liver tumors)

promotion (liver tumors)

promotion (liver tumors)
inhibition (kidney tumors)

liver scarring
no effect (liver nodules)

promotion (liver tumors)
threshold dose (1 rag/kg/day)

B. !>CSs Administered Bafore or With tha Carcinogen ;

Makiura et al., Me-DAB less liver tumors
(1974) N-2-fluorenylacctamide less liver tumors

diethylnitrosamine

Kimura et al., Me-DAB
(1976)

Hendricks et al., aflatoxin Bl
(1977)

Nishizumi
(1980)

diethylnitrosamine

Anderson et al./ diethylnitrosamine
(1983

Shelton et al., aflatoxin Bl
(1984a]>

Shelton et al./ dimethylnitrosamine
(1984b;i

less liver tumors

less liver tumors

less liver tumors

less liver tumors

less liver and lung tumors

less liver tumors

promotion

Me-DAB « 3'-methyl-4-dimethylaminoazobenzene

It is concluded from these studies that the liver hypertrophy
induced by PCBs can and does enhance the carcinogenic response of
initiating hepatocarcinogens if the PCBs are given some time after
the liver cells have been initiated by the other chemical.
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, jreveir, tikis effect haa also been demonstrated for phenobarbital
"ICnd la no doubt also tzua for aoat other livar enzyme inducing
ehttmienla that product a hypertrophy or fcyperplasia of tha liver.
Additionally, recent work by Deal and Oesterle (19S7) haa ahown
that th$ promotional effects of PCB» haa a threshold, aa o&a might
expect/ atid thia thraahold appeara to ba v«ll above tha dosa
conaoaly eacouatered by most paraoaa. la coatraat to ita
promotional affacts oa livar carciaogaas known to ba initiators,
PCBa alao act aa aaticarciaogaaa whan administered prior to the
exposure of an initiating carcinogen. This effect is most probably
the reiiult of PCB induction of liver metabolism which then acts to
deer aa ise the carcinogenic effects of a number of chemicals by
increaning their degradation and elimination.

2.0 Kpideatiological Studies of PCB Exposure and Cancer
Mortality

Published epidemiological studies addressing the carcinogenic
potential of PCBs have been confined to two cohorts, both
consisting of employees of plants where PCBs were used in the
manufacture of capacitors. [Note : Bahn at al. (1976), in a letter
to the editor, reported an analysis of eight deaths among 92.
research ami development workers at a refinery, and suggested an
-«sociation between PCB exposure and incidence of malignant

lanonia. The extremely limited size of their cohort, the inability
> MM/ adequately assess exposure of the cohort to other, potentially
carcinogenic substances or other known risk factors, and the
inconsistency of their observations with the results from the two
larger cohorts, precludes any utility of this report in the
assessment of the human carcinogenicity of PCBs.]

Brown and Jones (1981) have published a retrospective cohort
mortality study of employees from two plants. Minimal exposure
period to PCBs was three months, and the types of PCBs used were
Aroclors 1016, 1242, and 1254. Workers who had potential exposure
to trichloroethylene, which was also used in both plants, were
excluded from the cohort. Of the 2567 employee cohort, 163 were
known to be deceased and the vital status of 55 (2%) was unknown.

Higher-than-expected incidences of cancer in the rectum
(primarily among females in Plant 12) and liver were noted,
although the differences were not statistically significant. The
overall incidence of malignancies observed was slightly less than
expected. None of the causes of death showed a clear association
with latency, and no relationship was observed between the duration
of-employment in jobs involving PCB exposure and risk of mortality
due to cancer. The causes of mortality and incidences of specific
malignant neoplasms are summarized in Table 6.

Tha study of mortality in this cohort has recently been
updated, with the number of deceased increasing from 163 to 295
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(Brown, unpublished data). There wara no additional deaths froa
cancer of the rectum which brought•tha observed incidence of this
form of neoplasm cloaax to tha expected value. Tha- number of
observed malignancies of tha livar waa significantly greater than
expected. However, a number of these malignant neoplasms (3/5)
,appear to have been the result of metastasis froa othar aites.
Thus, like tha rectal cancer tha standard mortality rate (SMR) for
livar eaocax originating in tha livar haa been substantially
lowered by this larger cohort. A higher-than-expected incidence of
neoplasms waa not noted for any othar tissue. Tha overall incidence
of malignancies observed waa laaa than expected. There was no
apparent relationship between duration of employment in
•PCS-exposed" jobs or total employment and cancer mortality of any
type.

Table €

Major Causes of Death for Plant Workers
Expoaed to Aroelor 1016, 1242, and 1254

Standard
Causes of Death Observed/Expected Mortality

Rate

"" All £»\ismm of Mortality

All malignant neoplasms 39/43.79 (89)
Diseases of nervous system 11/12.55 (88)
Diseases of circulatory system 60/62.93 (95)
Accidents 13/18.29 (71)
All other causes 40/44.79 (80)
Total mortality for all causes 163/182.35 (89)

Cancer of stomach
Intestine
Rectum
Liver
Pancreas
Respiratory
Breast
Lymphatic
Other

1/1.66
4/4.03
4/1.19
3/1.07
1/1.90
7/7.98
7/6.84
2/4.34
10/14.78

(60)
(99)
(336)
(280)
(53)
(88)
(102)
(46)
(68)

Source: Brown and Jones (1981)

The first study of the second major cohort was reported by
Bertazzi et al. in 1981. Inclusion in the cohort was limited to
workers in the production department who had been employed for at
least six months. There were a total of 1310 workers included in
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the study, and exposure vat primarily to Aroelor 1254 and Pyralana
476. While some aeBbers of the cohort vara alao exposed to
rich loroethy lane, alkylbenzene, -aad-apoxy resins, tha number was

"'itated to ba few. A total of 27 death* wara observed in tha cohort
btttvena 1954 and 1978. Tha overall incidence of cancar observed
wna significantly higher than expected (14 versus 5.65 axpactad),
contributed primarily by elevated (though not statistically
significant) incidancas of naoplaams of tha digaativa organs and
lymphatic and hematopoietic system*.

Bortaxri at al. (1986) hava racantly published an updata of
their study of PCB-exposed capacitor workers with a modified
cohort. Non-production workers at tha plant ware added to the
cohort, and the minimum period of employment was reduced from six
months to one week. The site of the cohort was consequently
increased to 2100, and tha number of deceased to 64. The results
from male and female workers ware an&lyxed separately, and are
summarized below in Tables 7 and 8.

Table 7

Mortality Trom Selected Causes of
Male Workers exposed to PCB

Marralitv

Cause ot d»ath Observed Expected SHU Expected SMK

All causoa

MalitjnAnt tuaora

C«nc«t of 6

Lany cancer

ReBwtolo9ic

.1.. tract

naoplaaaa

Cardiovascular disease

Accidents

Coafideuci) limits (951)

30

14

6

3

3

1

€

1B
b.

27

5.

1.

1.

0.

7.

€.

144-415
104-300

.1

5

7

2

S

9

I

108

253*

34«c

250

375

101

II

c» 141-721
*- 112-572

29.

7.

2.

1.

1.

1.

S.

8

6

2

fi

1

4

1

101

183b

274d

117

283

15

103

For males, mortality from cancer was significantly greater
than expctcted (14 versus 5.5 expected). Among specific tissues, the

incidence of neoplasms of tha GI tract was significantly
\er than expected, and hematologic neoplasms were also greater
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than expected bat.not statistically significant. Overall mortality
'"" was only slightly greater than expected. Among femalas,

high«r-than-expected incidences of overall mortality, mortality
from cancer, and ineidanea of hematologic naoplaama wara observed.
These differeacaj wara of statistical significance whan tha cohort
was compared "to local mortality ratas but not national mortality
rates. While neoplasms were grouped by organ-system for
statistical analysis, specific tumor sites were noted. Among both
male and female members of the cohort, there was one case of liver
cancer and no cases of rectal cancer. There was no apparent
association between duration of exposure, latency, and year of
first: exposure for any of the causes of mortality.

Table •

Mortality Froa Selected Causes of
Female Workers Exposed to PCB

Hmt»rmnc» Cohort
Mortalit Vstlm*tes Loral

Caua* of dttftth Ob3«rv«d Expected SMK Exp«et«d SMR

JU1 ciiuscs • 34

•''Malignant tumors 12 '

Hwnatologic neoplasm 4

Cardiovascular disease 2

25.8

7.7

1.5

4.7

132

156

266

42

16.5

5.3

1.1

3.0

206*

22 6b

371C

66

Accidftnts 9 4.0 225 4.0 225

Conf iil«nc« "limita (95%) *- 145-285 c- 115-877
b- 123-385

Froa 8«rta«xi «t al., 1116

3.0 Other Relevant Human Data

3.1 Health Kffeeta Information from Accidental Xngestion

In 1968, the ingestion of PCB-contaminated rice oil in Japan
resulted in an outbreak of chloracne and other symptoms which were
later termed "Yusho". A similar large-scale incident of ingestion
of contaminated rice oil occurred approximately ten years later in
Taiwan with similar symptoms. Th* most common symptoms observed in
rice oil poisoning victims inc--ded increased discharge from the
eyes, swelling of the eyelids, accompanying visual disturbances,
fatigue and malaise, headache, and symptoms suggestive of

.„. peripheral neuropathies (numbness of the limbs and pruritis)
(Higuchi, 1976; Okuara, 1984; Lu and Wong, 1984) . Other notable
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•ynptoiu reported included acneform lesion* and hyperpigmentation.
The incidence of hyperpigmeDtatlon was high 19/10) among offspring
bora tô sjothers pregnant daring ingestioa of the contaminated rice
oil (Rigucai, 1976). This hyperpigaentation gradually faded over
thii 2-5, atonths aftar birth. Developmental tooth and bona defects
were not ad among aoma of tha offspring (a.g. aruption of taath at
birth, larger-than-usual frontal and occipital fontanelles, and
naintananca of a wider sagittal suture than usual) . However,
postnatal physical and mantal davalopmant of infants born to
contaminatad rica oil-cxpos«d mothers paralleled that of healthy
infanta (Higuchi, 1976).

While it was originally aaaumad that the rice oil was
contaminatad with only PCBs (Kacechlor 400), subsequent analysis
revealed that there was also extensive contamination with
polyehlorodibenzofurans (PCDFs) and poly chlorinated quaterphenyls
(PCQs). Studies in animals have clearly indicated that PCOFa are
more toxic than PCBs, and a number of lines of evidence support the
contention that the adverse health effects suffered by the rica oil
poisoning victims were a result of PCDF rather than PCS exposure.
First, the concentrations of PCBs measured in patients with
symptoms of Yusho were substantially lower than those observed in a
number of studies of healthy, occupationally-exposed workers
(Kunita et'al, 1984y-ttasuda- at al,"19W). "The—occupational studies
%ve also shown workers to have undetectabla or
.nimally-detectable concentrations of PCDFs (Kashimoto et al,

' HuJ85), while rice oil victims in Japan and Taiwan had significant
concentrations of PCDFs, including a number of extremely toxic
isomers. These human observations are supported by a study in which
monkeys ware fad PCBs with levels of PCDF and PCQ contamination
similar to that of the Yusho oils (Kunita at al, 1984) . Monkeys fed
this diet developed dermatologic symptoms resembling those seen in
patients with 'Yusho. Monkeys fad PCBs without PCDF/PCQ
contamination, or fed PCQs alone, did not develop dermatologic
leaions. Collectively these observations have led to the conclusion
that the symptoms experienced by the rice oil'poisoning victims
were the result of PCDF rather than PCB exposure (Kuratsune, 1980;
Kashimoto at al, 1981; Drill at al, 1982; Masuda et al, 1982;
Masuda and Yoshimura, 1984; Chen et al, 1984; Kunita et al, 1985;
Miyata et al, 1985, and Bandiera et al, 1984) .

3.2 Health Xffects Information from environmental exposure

A number of studies have attempted to measure health effects
from environmental exposure to PCBs. The most common source of
environmental exposure in these studies waa the consumption of Lake
Michigan fish (e.g. Humphrey, 1980; Fein et al, 1984; Kreiss et al,
1981; Savith, 19A1), -although tha results from other sources of
environmental exposure have also been studied (e.g. Baker et al,
1980). Tha results from these studies have generally been negative,
'nterpretation of the meaning of tha few positive observations has

,.,..oe«n hampered by either the absence of a control population matched
for known risk factors for the parameter studied, a strong positive
correlation between PCB body burden and the body burden of other
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halogenated organic*, or the inability to demonstrate increased PCS
body burden in the "exposed* population compared with background
*body burdens la "non-exposed* controls. The absence of these
apparent adverse effects in studies of workers with much higher PCS
exposures (see below) casts further doubt on the significance of
these findings.

3 ,,3 Health Kffeets Information from Occupational Exposure •

With few exceptions, individuals with the largest and longest
exposure to PCB a are found in the occupational setting. For this
mason, the study of occupational exposure to PCBs is probably the
bust source of information regarding their health effects in
humans.

X population of 326 workers employed at two capacitor
manufacturing plants had been the most studied, and a number of
reports concerning their health have appeared in the literature.
Though this population had been exposed to Aroclor 1016 during the
most recent two year period prior to the initial study (and to a
lesser extent to Aroclor 1221), the long-term exposure was
primarily to Arodors 1242 and 1254 (Fischbein et al, 1979) .
Duration of exposure to PCBs was substantial, as 40% of the workers
had been employed for 20 years or longer. Air levels of PCBs varied
widely throughout the plants, ranging from 0.007 mg/m3 to 11.0
mg/m3 (Fischbein et al, 1982). Wolff et al (1982) analyzed 290
plasma samples and 61 adipose tissue samples from these workers and
found plasma concentrations of lesser chlorinated PCBs ranging from
6-2350 ppb, plasma concentrations of higher chlorinated PCBs
ranging from 0-546 ppb, adipose levels of lesser chlorinated PCBs
of 0.6-414 ppm, and adipose levels of higher chlorinated PCBs from
1-165 ppa. Approximately half of the population had a history of
dermatologic symptoms, rash being the most common. A history of
non-adolescent acne, a symptom considered characteristic of PCB
exposure, was reported by 12% of the workers (Fischbein et al,
1982) . Edema of the upper eyelid, eye discharge, and enlargement of
the Meibomian glands, common symptoms among patients with Yusho,
were each found in 7% or less of the occupations lly-exposed. workers
([Fischbeia et al, 1985). Warshaw et al (1979) studied respiratory
fund:ion in 243 of the workers and found that 14% had abnormal
forced vital capacity. From an extensive examination of clinical
chemistry parameters i: the PCB-exposed worker population,
Fischbein et al (1979) concluded :

*. there was s paucity of abnormal results in the biochemical
studies. Similar findings were noted in the results of the
hemitologic tests - ".

Other occupationally-exposed populations have also be«n
studied, and have been included in a recent review by Gaffay (1983)
of the human health effects of PCBs. Gaffey, ia surveying the human
PCB literature, classified health effect observations into five
categories: dermatologic findings, liver function, fat metabolism,
blood, and blood pressure, and symptoms, illnesses, and other
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iditlons. Which respect to each of these categories, the
,„,,„. * lowing observation* and -conclusions were noted:

" ' • * T

»*fgg»ai Of 11 Studies Of PCB-expOSed
workers which reported dermatologic finding*, dermal
syiiptoms were noted in all 11. Correlation of dermal
•yiqptoeui with blood PCB concentrations were generally poor
or non-existent. However, collectively the evidence
strongly suggests that chloracne may occur when PCB blood
levels exceed 150-200 ug/al.
1.1 y«g function* Some abnormality in liver function
indicated by a change in one or more relevant clinical
chemistry parameters , was observed in five of seven
studies of occupational exposure to PCBs. [Though not
mentioned by Gaffey, it should be noted that while
differences in some parameters indicative of liver
function were observed to be statistically significant in
some of these studies, these differences were uniformly
quite small. Further, with chemical-induced hepatotoxicity
one would expect to find a consistent pattern of
abnormalities among overlapping indices of liver function.
No such consistent pattern was observed.] In no case was
the abnormality associated with any measurable adverse
health effect. The remaining- two -studies found no
evidence of liver abnormalities. A ninth study found
evidence of induction of drug metabolism among PCB-exposed
workers (Alvares et al, 1977) .

'""" ..... Fat: metabolism; There appears to be a correlation between
serum triglycerides and PCB exposure in most studies.
Results concerning cholesterol are equivocal, with one
study showing an increase, one a decrease, and three no
change. Conflicting results have also been observed with
HDL-cholesterol. Changes in fat metabolism produced by
PCBs, if they exist, do not appear to be of clinical
significance.

Blood and blood prgsaura; None Of the five Studies which
examined blood chemistry noted abnormalities associated
with PCB exposure. One study of PCB-exposed workers
measured blood pressure, but found no association with
PCBs .

« illness, and ether conditions? Five Studies
report a variety of symptoms among PCB-exposed workers.
Most of these symptoms appear to be unrelated to PCB
exposure. None of the reports have found significant
clinical effects to be associated with PCB exposure.

3.4 Summary of Non-cancer Human Health Effects of PCBs:

PCBs appear to be of low potency in producing adverse human
ealth effects. Among workers with demonstrated high body burdens

21



ot ?CBs, the only consistently demonstrated clinic*! finding is
dermAtolofical abnormalities. Though one study has found evidence
Cor hepatic enzyme induction- in tomans, there is no compelling
evidenca foe PCs-induced liver injury daapita relatively high
larval* of exposure. A number of subjective and objective symptoms
ftttre baan raportad for workers exposed to PCBs, and a variety of
tich symptoms would ba axpactad in examining any population. Tha
appearance of symptoms usually doaa not eorralata with PCB levels
or exposures, and no symptom or symptom typa (othar than dermal) ia
prominant whan tha atudiaa ara eonsidarad collactivaly. Exposure to
PCBs highly contaminated with PCOFa nay laad to significant
aymptomology, but thasa affacts appaar to ba dua to tha nor a toxic
PCDFs.

4.0 GZ8OTOXXC tTttCSS OF YCBS

1.1 Xaetarial Mutagaaieity Studiaa

Nyndham and co-workars (1976) wara probably tha first to taat
navaral chlorinatad biphanyl aixtnras in a bactarial tast systam.
iCn this study tha TX1538 mutant strain of S. typhiaurlua davalopad
Ijy Anas was usad as tha tastar strain of bactariar and rabbit livar
uierosooas wara apparently addad to-aatabolixa tha PCBa. Contrary
to tha authors' raport that PCBs wara waakly nutaganic undar study
conditions, a raviaw of thair data indicataa that only
4-chlorobiphanyl and Aroclor 1221 damonstratad significant
activity. Interestingly, Aroclor 1221, which has a chlorine
content of 1.15 chlorine atoms par molecule and is therefore
largely a monochlorobiphenyl mixturef was considerably lass active
than 4-chlorobiphenyl. A review of the actual results provided in
the report indicate that neither 2,2',5,S'-tetrachlorobiphenyl or
Axoclor 1268 ara autaganic.

•

Subsequent attaapts to demonstrate that PCBs might cause
mutations in bacterial tast systems have failed. Zn an affadavit
from Dr. Safe/ senior author of the Wyndham at al (1976) article,
he indicates, based on his own inability to reproduce these
findings, that 4-chlorobiphenyl should not ba considered mutagenic.
Additional asaaya by othar scientists also discount any suggestion
that PCBs or monochlorobiphanyls ara mutagenic in bacterial
system*. Reddle and Bruce (1977; Bruce and Raddle, 1979) tested a
number of different chemicals in the TA1535, TA1537, TA98, and
TA100 strains of 5. typhJJmirJ.ua , both with and without an S-9 mix
to provide metabolism and possible activation of tha compounds
tusted.. Aroclor 1254 was not mutagenic in this study. Similarly
McMahon at al. (1979) reported results after screening a large
number of compounds in a testing scheme incorporating several
auxotrophs of 5. typhlmurlum and £. coll . The only chlorinated
blphenyl tested was 4-chlorobiphenyl, but it was found to be
negative, i.e. it was not mutagenic, in all 10 tester strains.
Based on these studies and other reports in the literature
(Scboeay at al., 1979; Rinkus and Lagator, 1979; EPA, 1980;
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of Microbial Mutageaieity Test JUrolts

&VphimihM Led

PiDduet C307I 03052 O4f TMt TA100 TA1000 TA1536 TA1536 TA1S37 TA153I WP2 WP2usn

Aiocfar . . . . . . . . . Nej. « -
12Stt

Araclor tfeo> N«g. Nig. N«g. *hg. Nig. Nig. - rteg. N*. Nig. Nig.
1254

> - - - - ftag.
500

- Ifeg. Ik* -

Aiodtv - - - " . - . . - - - N.Q.* -
1221

Source: L«vinskas (1981)
* Baaccl on re-«v»lu«tion of Wyndham «t »1.(1975) by Dr. Safe.

Levins)i:a», 1981), all of which have been summarized in Table 9, it
is concluded that PCBs are not mutagenic in bacterial test systems.

4.2 Cla«tog«aie/Caroaocomal itndiea

Several t«at system* designed to measure chromosomal damage
have b<»en used to teat the potential geaotoxicity of PCBs. The
oaly htuaan <̂ 11 lia* tested were human lymphocytes in the study of
Hoopingarner ct al. (1972). The test system used phytohemagglutin
stiJBuluted cells Which were treated with 100 ppm Aroclor 1254 for
the first 24 hours, then again during the last eight hours of the S
and G2 stages of the cell cycle and during the tnree hours of
-dtosijt. Cytological examinations of the cells during these stages
! the cell cycle failed to reveal any effect of PCB treatment on

.., arc«no«omaJL integrity.

Green et al. (1975a) tested Xroclors 1242 and 1254 for their
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'"ability to induct chromosomal damage in the bone marrow and sperm
cells of -rats. Xroclor 1242 was administered either in single
doses of 1250, 2300 and 5000 mg/kg, ox as four daily doses of 500
mg/kf r Aroclor 1254 was tested using three different dossge
regisieairi.e. five daily doses of either 75, 150, or 300 mg/kg.
The two highest doses of Aroclor 1254 and sll doses of Aroclor 1242
causod a loss of body weight in these animals and the multiple
dosen of Aroclor 1242 killed half of the test animals. Even though
considerable systemic toxicity was observed at these doses, neither
Aroclor was found to induce chromosomal damage in sperm cells or
bone marrow cells. Dikshith et al. (1975) similarly reported that
PCBs do not produce chromosomal abnormalities in the sperm cells of
rats exposed to seven daily dosages of 50 mg/kg of Aroclor 1254.
The results of these two studies were later reproduced and
substantiated by Garthoff et al. (1977) . Male rats were fed
dietary levels of 5, 50 or 500 ppm of Aroclor 1254 for 5 weeks
after which sperm and bone marrow cells were examined for
chromosomal damage; no evidence of chromosomal damage to either
cell line was obtained.

•

Several investigators have employed the micronucleus test as a
measure of chromosomal damage. Studies using this test system have
reported that PCBs do not induce micronuclei in mice injected for
five consecutive days with Aroclor 1254 at doses approximating one
half of the U>5Q or at doses representing some fraction thereof
(Reddle and Bruce, 1977; Bruce and Reddle, 1979; Jenasen and Ramel,

/ 1980) . The doses used in these studies also failed to induce sperm
abnormalities believed to be indicative of mutations or chromosomal
deletions.

Using Proaophila melanoyaa^gr and Bombyx mori as the eultaryotc
test: species, neither of the French PCS mixtures, Clophen 30 or
Clophen .'50 produced chromosomal aberrations (Nilsson and Ramel,

In conjunction with a study measuring the effects of PCBs on
the breeding success of Ring Doves fed a 10 -ppm diet of Aroclor
1251, Peakall et al. (1972) also reported the incidence of
chromosomal aberrations in eggs of the birds. The average
aberration rate changed from 0.8% in controls to 1.8% in the PCB
treated birds. However, the average rate of chromosomal aberrations
measured in the eggs of PCB pret rested birds was only higher than
the highest control value in 4/17 eggs and the authors indicated
that these results were inconclusive. By comparison, Aroclor 1242.
has been injected into the eggs of white Leghorn chickens until PCB
concentrations reached 20 ppm (Blazak and Marcun, 1975) . Even
though concentrations were clearly toxic, evidence of chromosomal
aberrations was not observed.

4.3 Dominant Lethal tests

Green et al. (1975b) reported that Aroclor 1242 administered
as single doses of 625, 1250 and 2500 mg/kg or after five daily
douages of 125 or 250 mg/kg failed to induce dominant lethal
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nutation* In the rat. Axoelor 1254 administered for five days at
dosagen of 75, 150 or 300 mg/kg-or- at dietary levels of 25 or 100
ppm for, 70 daya was likewise without effect. Keplinger tt al.
(1972) and Calandra «t al, (1976) tested Aroelors 1242, 1254 and
1260 in mice at dosages of 500 or 1000 mg/kg and also found them to
be vitliout dominant lethal effacts.

4.4 D1OL Damage Studiea

On the basis of sedimentation rates, Stadnicki et al. (1979)
have reported that the epoxide of tetrachlorobiphenyl caused
single-stranded chromosomal breaks in the DNA of L-929 cells at
concentrations ranging from 1 ug/ml to 100 ug/ml. A mixture of two
hydroxylated metabolites, and to a much lesser extent
tetrachlorobiphenyl, caused some damage at 20 ug/ml and what was
reported as significant damage at 100 ug/ml. The significance of
this single in vitro test is questionable, given the fact that the
epoxide metabolite was the only chemical species demonstrating a
strong activity in this test system. This conclusion has been
reached in part because the authors, on the basis of this study,
similarly concluded that the epoxide metabolite is the only
chemical species of interest with regards to its potential
carcinogenicity. Bewever, all mammalian tests as well those in
vitro tests containing some activation system were negative*
ndicating that either the epoxide is not genotoxic in other test
^sterns or quantities of the epoxide sufficient to produce

""genotoxicity are not generated in vivo.

4.5 Cell Transformation Studiea

Norback et al. (1981) reported that Aroclor 1254 transformed
C3B10T11/2 cells to Type III foci after six weeks of continuous
exposure to 10 ug/ml of Aroclor 1254, while a concentration of 1
ug/ml did not. The authors suggested that these results indicate
that the effects of PCBs in cell culture may include promotion. In
contrast to this study, Pienta (1980) reported Aroclor 125.4 did not
induce cell transformations after eight days of exposure when
utilizing Syrian hamster embryo cells. The highest dose tested
was 50 Jig/ml, which was five times the highest dose later used by
Norback at al. (1981).

4. € Summary

The results of the preceding studies have been summarized
on the next page in Table 10. Given the fact that the only test
reported as positive is one of questionable significance, the
number of times PCBs have been tested and found to be without
significant genotoxicity lead inevitably -to the conclusion that
thesii compounds should be considered to be without evidence of
genotoxic activity.
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Table) 10

of C*

DMA daaage Mutation dxroaosonal damage Cell Transformation

rrokaryotes Keg.(21/12) Me?.(2/2)

Hawaiian cells »oa.7(1/1) Keg. «/») Weg. (2/2)
(In vitro )

Mammals Beg.(3/3)
(in vivo )

Hunan cells Keg. (1/1)
(In vitro )

•

The f irstr~nuaber ia the parentheaea indicates the total number of times an Aroelez
was tested, the second number ia parentheses indicates the total number of ti»« •
•pacific teat strain or call lina waa taatad. Thua, th« raaulta followed by the
laz^rer numbers in parentheses represent the xeaulta aoat likely to be reproduced
further testing is performed in the future.

5.0 Sunxoary of Data R«viawe)d and ZTaluatioa

5.1 Evaluation of Animal Iridenca for Carcinogenicity of
PCI a

The investigation of PCBs' carcinogenic potential in nice is
limited to two short studies, while soae eight to ten studies have
been reported using various strains of rat. The PCB mixtures tested
thus far are : 1) in mice - Kanechlor 300, Kanechlor 400, Kanechlor
500 and Xroclor 1254; and 2) in rats - Kanechlor 300, Kanechlor
400, Kanechlor 500, Clophen A30, Clophen A60, Aroclor 12!>4 and
Aroclor 1260.

PCBa have been found to be tumorigenic in mice with Aroclor
1254 producing hepatomas after 11 months of exposure and Kanechlor
500 (similar in composition to Aroclor 1254) inducing
hepatocellular carcinomas after 8 months of exposure. These lesions
wez-e shown to be reversible and specific for the dose (500 ppm) and
chlorination of the PCB mixture.

In rats, Aroclor 1260 or its equivalent, Clophen A60» have
produced hepatocellular carcinomas in three studies at doses of
approximately 100 ppm, a dose which appears to represent the
maximally tolerated dose for rats. A review of these three studies
indicates that the tumors occur very late in the life of the
an:Lmal( with a significant incidence of tumors only beginning to
appear after about two years of exposure. Of interest is the fact
that in all three studies the PCB treatment, while increasing the
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incidence., of liver cancer, did not increase tha total ..tumor
incidence. The total tumor incidence—was not increased ia~these
studies' because la each case the ineidanea of other tumor types had
b*an significantly decreased. This suggestion of antitumor activity
of PCBa baa alao baan demonstrated In a study examining the affact
of PCIt exposure on tha final tumor incidence in aninala following
tha transplantation of tha Walker 256 sarcoma. Tha affacts of
chronic PCS-treatment was not life-shortening, and in fact in two
of th<» studiaa tha morbidity and mortality of tha animals was
actually decreased by PCS treatment. Furthermore, while the tumors
are described as malignant, i.e. hepatocellular carcinomas, in none
of th« three studiaa did the liver tumors metastaaize to other
organs even though metastases would be expected if the tumors were
malignant. So from these studies it is evident that PCB-treatment
does not increase tha total cancer risk in these animals, rather it
shifts tha incidence of the type of tumors observed by
significantly decreasing some tumor types while enhancing the
incidence of liver tumors. Lastly, PCB mixtures of lesser
chlorination, i.e. Aroclor 1254 and Clophan A30 (similar in
composition to Aroclor 1242, see table 1.4, page 8, of Brinkman and
DeKok, I960), have been examined in two separate studies and found
not to be carcinogenic. Thus, conclusions to be drawn from the rat
data, likirthe mouse data, are specific for the dose and degree of
-hlorination of the PCB mixture being tested. ' %

•̂HI/ Possibly because PCBs produce liver hypertrophy, they enhance
the tumorigenesis of certain liver carcinogens if given after the
carcinogen in question has had an opportunity to initiate tumors.
However, if tha PCB exposure precedes or is concomitant with
exposure to liver carcinogens the tumorigenic response is typically
decreased, probably as a result of an enhanced metabolic
detoxification of tha carcinogen.

To summarize, the qualitative human relevance of the
carcinogenic activity of PCBs based on the animal data is limited.
The studies providing some evidence of its carcinogenic activity
ere specific for tha degree of chlorination of the PCB mixture, the
total tumor incidence is not increased, and the tumors produced
occur only vary late in the life of the animal and have no adverse
effect on' the morbidity or mortality of the animal. There are other
considerations that limit concern for the carcinogenic data in rats
as well. PCBs are not mutagenic, and the mechanism of tumorigenesis
for these compounds therefore would appear to involve an epigenetic
mechanism. Thara is also substantial evidence that the doses used
to induce tumors in rats are hepatotoxic, and evidence indicating
the neoplasms induced by PCBs are reversible if the exposure is
terminated .before the animal has been exposed for a considerable
portion of the animal's lifespan.* All -of—these findings sarioiisly
undermine tha human relevance of tha animal carcinogenicity data.
This is particularly true as the human dosages from past and

......-present human exposures are far lower than those used in the animal
studies. Given these considerations, it is' concluded that the
animal data provides sufficient mvi6»ncm of llmit»fi hvmmn r»J»v»nc*
that PCBs of 60% chlorine content (e.g. Aroclor 1260/dophen A60)
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ant -carcinogenic ia animals. For PCBs having a chlorine composition
of 34% (e.g. Aroclor 1254/Kanechlor 500) there ia_o%ly

_

of carcinogenicity ia animals because the larger and
longer study ia rats was negative, a finding suggesting that the
reversible affects reported ia mica may hava resulted fro* a
proeiotion of tha substantial background incidence of liver tumors
occurring ia this spacias. for tha remaining commercial PCB
mixtures (i.a. Aroclor 1248, Aroelor 1242, Kanachlor 400,
Kanachlor 300, and Clophan X30) thara ia aithar no evidence or
insufficient mvitimncm for tha carcinoganicity of thasa mixturas in
animals.

5.2 evaluation of Ipidamiological Ividanca for
Careitiogenicity of VCBs

Evidanca for human carcinoganicity would ba auppliad if tha
tvo major apidemiological studias of PCB-exposed workers
demonstrated a consist ant incraasa in cancar mortality. This
increase should show a positive correlation with exposure and
evidence of latency. Tha evidence for carcinogenicity would be
strengthened if the incidence of specific types or sites of
neoplasms were consistently elevated. In reviewing the data from
these two cohorts, none of these conditions are met.

While Bertazzi at al. (1986), in their study of Italian
((, PCB-exposed workers, found a statistically significant elevation in

""""' the rate of cancer mortality among both male and female workers,
the much larger study of Brown found no increase in cancer
mortality. In the Brown study, there were higher-than-expected
Incidences of rectal and liver cancer. Evidence for an association
between PCB expoaure and these malignancy types cannot be
considered strong, however, in that: 1) no cases of rectal cancer
were observed after the initial report, suggesting that this
increased rate was anomalous, 2) the number of cases of liver
cancer observed ia this study is not appreciably greater than
expected when examined without total number of liver neoplasms used
by Brown which includes those liver cancers that have metastasized
from other organs, 3) ia comparison, the study by Bertazzi at al.
found only one case of liver cancer and no cases of rectal cancer
in their cohort, and 4) the absence of a clear association with
latency or relationship with duration of exposure.

The primary sites of neoplasms contributing to the
higher-than-expected cancer mortality rates in the Bertazzi studias
were located ia the digestive system and the hematopoiatic and
lymphatic systems. These were not increased in the larger cohort
reported by Brown. Further, in the Bertazzi cohort, there was no
evidence of latency or relationship between cancer mortality and
exposure to PCBs. It should also be noted that in the larger of the
two subdivisions of their cohort, the female workers, differences
in incidences of causes of death presumably unrelated to PCB

•••• exposure (viz., increases in accidental death and decreasaa in
deaths from cardiovascular disease) were of similar magnitude as
increases in death from malignant tumors. This suggests, at least
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T this group, that other confounding variables may exist.

*"<x la summary, eptdemiological evidence for human carcinogenicity
of PCBa is at present weak and mostly negative. As such, until
larger epidemiological studies can be completed, the data must be
considered -Inadequate fo fharacterlza PCBa as human n

5 . 3 Evaluation

1360/glohan
There is sufficient evidence of -1-iff^garf human relevance

for the carcinogenicity of Aroclor 1260 in animals.

The human evidence for carcinogenicity of this compound is
Inadequate .

Ai-oelor 13S4/ir«n«ghlor SQQ ;

There is Inadequate evidenr* for the carcinogenicity of
Aroclor 1254 in animals.

The human evidence for carcinogenicity is negative but
inadequate.

1248 /K>n»ehlor 400 ?
There is no evidence/insufficlmnt evidencm for the

carcinogenicity of Aroclor 1248 in animals.

The human evidence for carcinogenicity is negative but

Clophan X30/1C»n>ehlQr 3QO/Xroele>r 1242 •
There is either no evidence or Insufficient evidence for

the carcinogenicity of these mixtures in animals .

The human evidence for carcinogenicity is negative but
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EXPOSURE ASSESSMENT FOR SMALL BURROWING ANIMALS

I

Daily intake of PCBs (mg/kg/day) (I)

PCBc are taken in through the skin, the lungs, and the mouth.

1 • ID + Ij + IQ ID " Dermal intake
Ij • Inhalation intake
I0 - Oral intake

Dermal uptake is a function of the efficiency of absorption through the skin,
the surface area exposed, and the PCBs in the soil covering the skin.

ID - EDSLCS
ED • Efficiency of absorption of

- 0»05/day x 36cn2 x 10~6kg/ca2 x Cs PCBs in soil through the skin
0.03kg ' - 0.05/day (Hwang et al 1986

p.12-16)

• 0.,00006/day Cg S - Surface area exposed on a
30g vole

- 36 cm2/30g/day. Includes ear
pinnae, legs, underbelly, face
and tail

"''"""'" - O..00006/day C- L - Soil layer, assumed -1.0 mg/cm2

- 10~6kg/cm2

Cg - Concentration in the soil

NOTE: There are no published reports of dermal uptake of PCBs in soil for
voles. The rate chosen was one assumed for PCBs by Hwang (1986).
Poiger and Schlatter (1979) report an uptake rate of 2.2Z/day for
TCDD in rats. The skin of rats is thicker than the skin of most voles,
so absorption would be expected to be somewhat higher in voles.

The soil layer on the skin of the vole was estimated using the
assumption of tvo times the soil covering found by Lepow «t al (1975)
on urban children (2 x 0.5116 mg/cm2 - 1.023). This may be an
underestimate for eur pinnae and other areas that are relatively
naked and well vascularized but an overestimate in furry areas.

Inhalation intake

The concentration of PCBs in cue vapor of the burrow was calculated using the
method of MacKay (1985 and pers. coma.) assuming equal fugacities in the soil
and air.



Concentration of PCBs in the air of a burrow

H (Pa m3/nol)
8.314 Pa mj/nol K* x T

- 202.6 Pa m3/mol
(8.314 Pa m^/mol K* x 283-2 K*

Source: Hackay 198S
KAW * Air w«ter partition

coefficient

T - Temperature assumed 10*C
- 283.2K*

R - 8.314 Pa m3/mol K
H • Henry's law constant

- 2.0 x 10~3 atm m3/mol 25*C
(Aroclor 1254)

- 2.0 x 10"" 3 atm m3/mol x
101325 Pa
atm

- 202.6 Pa m3/mol

KAM - 0.0860

'*'«•'""'

KD - KD - Soil water partition coefficient (L/kg)

OC • Fraction organic carbon (assumed - 0.02)

" Soil organic carbon partitioning
coefficient (following Kenaga and Goring
1980) (log KQC - 0.544 log KQW + 1.377)

45392 x 0.02
907.84

p » Soil bulk density (assumed to be
- 1.04 g/cm3, the average in Brady (1974)

(p. 53) for uncropped soil)

KAS " KAW/P^D *AS " Air 8oil partitioning coefficient

- 0.08607(907.84 x .96 L/kg)

•• 9.868 x 10~5kg/L

Bush et al (1986) measured the concentration in air over contaminated soil.
When these data are converted to an estimate of the KA$» they yield a value
of 1,186 x 10~^kg/L. As expected, this is below the theoretical constant
at equilibrium. Even on the calm day that the measurement was taken, one
can expect that equilibrium will not be attained because of some diffusion
and convection away from the site.
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As a worse case, consider small mammals like Che pocket gopher, or sole,
which spend virtually all of their tine in burrows, with the burrow sealed
off (Chase at al 1983); (Tates and Pedersen 1983).

Inhalation is assumed to have two phases, an active phase and a* resting phase.
Tfie animal is assumed to have the same activity patterns as a pocket gopher
(Chapman and Feldhamer, 1982 p. 248) and a respiration rate ratio (active:
resting) equivalent to that given by Vleck (1979) for pocket gophers. It is
assumed that vapor and dust are inhaled during the active phase, but only
vapor is inhaled during the resting phase.

- cs <VA + VR) + VAD)/W VA - Volume inhaled during active
part of day - RTAM (L/day)

' CS (KAS (RTAM * RTR> * RTAMD)/W VR - Volume inhaled while resting
- RTR (L/day)

- Cs (KAS
R (TAM + TR) + 81AMD)/W

- Cs (9.868 x 10~
5kg/L x 1.5 L/hr T

R • Resting respiration rate
- 1.5 L/hr

(9 hr/day x A.I -I- 15 hr/day) +

(1.5 L/hr x 9 hr/day x 4.1

x 10~10kg/L)/0.03kg

- Cs x 0.256/day

Oral intake

. - Time spent active per day » 9 hr/day

M - Active/resting rate -4.1

TR • Time spent resting/day • 15 hr/day

D - Dust level (assumed - 10 mg/rn^
USEPA) - 10~10kg/L

W « weight - 30g - 0.03kg

Oral intake is a function of the ingestion rate of food, soil, and water,
the concentration of PCBs In plants as a function of the concentration in
soil, and the efficiency of dietary absorption.

I0 - CS(IW + IF

- 0.01 Cs/907.84

- 1.1 x 10~5CC

Iy " Ingestion rate of PCBs in water
Ip - Ingestion rate of PCBs in food

Is - Ingestion rate of PCBs in soil
assumed to be 10Z of diet

Ry - Rate of ingestion of water - lOZ/day

R_ « Rate of ingestion of food
- 0.2/day
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Ip » RpBCFpCg BCFp * Bioconcentration factor for planes

- - 0.2 /day x 0.10 Cs • 10Z (Bush et al 1986)

" 0.02/day €5 KD • Soil water partitioning coefficient

Is « Rg Cs Rs - Rate of ingestion of soil (assuming
5Z of diet is food)

- .01 Cs - .05 x RF - .01

I0 - Cs (1.1 x 10"
5/day + 0.02/day + 0.01/day)

- 0.030/day Cs

- Cs (0.00006/day + 0.256/day + 0.030/day) x Cs

- 0.286/day x Cs

A diet: of 1 ppm PCBs has been found to increase the liver weights in F^
male weanling rats (Linder et al 1974) and decrease the circulating levels,
of adrenal cortex hormone B (Byrne et al 1988). If a small mammal consumes
20 percent of its body weight per day, 1 ppm in the diet is equivalent to
0.2 «g;/kg/day. At this dietary level, the soil concentration would b« 0.7
mg/kg.

if 1 ppm -> 1 mg/kg in food x 0.2 kg food - 0.2 mg/kg/day
kg body we/day

if 10 ppm -> 1 mg/kg x 0.2 kg food - 2 mg/kg/day
leg body wt/day

0.2 mg/kg/day - (0.28*/day) Cs

Cg » 0.2 mg/kg/day - C§
0.286/day

- 0.699 mg/kg



A diec of 10 Co 20 ppa decreases Che weight of reproductive organs,
growth race and reproductive success of second generation white-footed
mice (Linzey 1988, Linder 1974). AC Chis dietary level, Che Mil
concentration would be 7 ag/kg Co 14 ag/kg.

• 2 ag/kg/day
0.286/day

• 6.99 ng/kg
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SECTION 19 - SITE 12, AREA 11 IMPOUNDMENT

19.1 Site Description

'Site 12 is located within Area 11, which is a manufacturing area on the

south side of the lake (See Figure 19-1). Munitions loading activities occurred

in Area 11 in the past. Many of the buildings have been abandoned or

demolished, but a few industries continue to operate at Area 14. The area in

the vicinity of Site 12 is currently occupied by Diagraph-Bradley for the

manufacture of printing inks, stencils, stencil boards, and marking pens.

Historic aerial photographs indicate apparent impoundment activity in Area

11 east of the presently occupied buildings in 1913. By 1951, the

impoundment had been taken out of service and the area was partially

vegetated. The aerial photographs show what appears to be an aboveground

tank situated in the middle of the former impoundment area. The access road

is still visible in the 1951 photographs. Photographs from 1960 still show the

tank, with the surrounding area completely grown over with vegetation. The

access road appears unused in these photographs. The next set of aerial

photographs represent 1965 conditions and indicate that the tank has been

removed.

The site is currently a circular dry impoundment with a diameter of

approximately 100 feet. The interior of the impoundment is presently

overgrown with trees with trunk diameters of 8 to 10 inches. The

impoundment walls are about 6 feet high and the north wall was breached

between 1960 and 1965, according to the air photos, to allow drainage to flow

from the impoundment to an adjoining field. Several black oily pools are

evident in and around the basin. Other bare patches of black sediment and

tars are located around the basin floor.
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19.2 Site Investigations

19.2.1 Phase I Site Investigations:

One composite soil sample (0-1 ft depth) and one composite sediment

sample (0-1 ft depth) were collected. The sediment sample was later

resampled for full priority pollutant analysis. The scheduled water

analysis was canceled because the site was dry at the time of sampling.

19.2.2 Phase II Site Investigations:

No samples were collected in Phase II.

19.3 Analytical Results (See Appendix I, Page 12)

TOC levels in soils and sediments ranged from 12,039 to 16,673 mg/kg,

while TKN concentrations of 369 to 2,267 mg/kg were detected. The results of

th« FID screening were 16,934 ug/kg, resulting in the collection of an

additional sample for full priority pollutant analysis. The volatile and

semi-volatile organics data for Phase I are questionable due to QA/QC

deficiencies or unreliable support data (see Exhibit 8). The positive

detections reported are thus estimated values and some compounds which were

not detected may in fact be present. N-nitrosodipher.ylamine was detected in

the sediment at 2,174 ug/kg wet weight. Small concentrations (less than 1

mg/kg) of other base/neutral extractable compounds (phenanthrene, pyrene,

fluorene and anthracene) were quantified in the sediment but were present

below the detection limits.

19.Q Environmental Effects

19.U.I Qualitative Assessment

This site was chosen for investigation based on a history of

munitions activity at this location. Historical aerial photography reveals
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that the site was utilized as an Impoundment as early as 1943.

Concentrations of TOC, TKN, and FID were detected In soils and

sediment*-, ; but were consistent with those of the control sites.

"N-nltrosodiphenylamine was detected in the sediment sample, at a level

higher than at any other site at the Refuge. N-nitrosodiphenylamine

(NDA) has produced a carcinogenic response in laboratory tests with

animals, thus, it will be considered as the site indicator contaminant in

the quantitative assessment for humans and wildlife. As a conservative

measure, the level of NDA detected in site sediment (2,171 ug/kg) will be

considered as two times this level (4,348 ug/kg) due to deficiencies in the

Phase I laboratory analysis.

In addition, trace base/neutral extractable compounds below 1 mg/kg

detected in sediments included phenanthrene, pyrene, fluorene, and

anthracene.

19.4.2 Quantitative Assessment

Humans

During the Phase I investigation, the only elevated contaminant of

concern was N-nitrosodiphenylamine in the impoundment sediment, at a

level of 2,174 ug/kg. Since the impoundment is currently overgrown with

trees and is also surrounded by a berm, it is unlikely that a complete

pathway exists for any human exposures to this contaminant source.

However, in order to provide some framework for the upper bound risks

that could be posed by chronic exposure of a site visitor to residues of

this magnitude, the following scenario was analyzed.

It is assumed that a human visitor to the site might ingest an

average of 100 mg of impoundment sediments as a result of direct contact
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with the material. It is also assumed that the sediment contains 4,348

ug/kg of N-nltrosodlphenylamine, twice the level found in the single

sediment sample analyzed, in order to provide a conservative upper bound

on the residue level in the absence of more sample data. Exposure at this

level would result in an average intake of 0.435 ug

N-nitrosodtphenylamlne per visit. Assuming a 70 kg adult such as a site

inspector or Refuge employee might visit this site roughly three times

yearly over a lifetime of 70 years, and using the EPA carcinogenicity

potency factor of 0.005 (mg/kg/day)" (Exhibit A), an excess lifetime

risk of cancer of 2.5 x 10* is estimated. Given the upper bound

assumptions employed in this assessment, and the consideration that
-4"acceptable" risk levels are construed as levels below 10 (USEPA

540/1-85/060 1986), this represents a negligible level of risk.

Wildlife

The detection of N-nitrosodiphenylamine in a soil sample analyzed in

the Phase I survey of this site also presents a mechanism for exposure

for terrestrial wildlife via the direct contact route. The levels of exposure

would be greatest amongst small mammals as a result of inadvertent

ingestion and inhalation of contaminated soil residues and dust during

daily burrowing, feeding and grooming. Thus, the risks of direct

contact of these species to site nitrosamines residues were assessed. The

risks to larger and/or less sensitive species, or to those which have less

contact with soil residues would be lower. A search of on-line data bases

(Pollution Abstracts, Biosis Previews, NTIS, HSDB) did not identify pub-

lished studies on the effects of N-nitrosodiphenylamine on pertinent

wildlife species. Therefore, tests with surrogate species {i.e. laboratory

rodents) are used in the assessment below.



Using a breathing rate of 0.006 m3/hour for an active 30 g mouse

(USEPA ECAO-CIN-477, 1985), and creation of a 10 mg/m3 dust

containing 4,348 ug/kg N-nitrosodiphenylam!ne during one hour of daily

burrowing, a daily chronic inhalation exposure of 0.0087 ug/kg/day is

obtained. Exposures via the ingestion route due to consumption of

contaminants in soil or vegetation are estimated at 0.041 mg/kg/day using

an ingestion rate of 5% body weight or 1.5 g food/day (10% soil, and 90%

vegetation containing 1% of the soil concentration). These exposures are

calculated assuming levels in soil at twice the measured concentration of

contaminant. Thus a total daily exposure rate of 0.041 mg/kg/day is

estimated for small burrowing animals from inhalation and ingestion at this

site. Using the EPA carcinogenicity unit risk factor of 0.005

(mg/kg/day)" for N-nitrosodiphenylamine (Exhibit A), developed on the

basis of rat studies, the total estimated daily chronic exposure would

~4result in a risk level of 2.0 x 10 . The significance of this exposure is

discussed below.

As discussed by Newell et a!.(1987), concerns regarding the effects

of cancer on wild populations are largely unknown, and risk levels of

concern to humans are not directly transferable to wildlife. Many other

factors come into play when addressing whether a wildlife population can

maintain itself (i.e. survival to reproductive age, competition, weather,

disease, predation, etc), and the effect of cancer, generally forming later

in an exposed organism's lifetime, might thus be very small. On this

basis, Newell et al. (1987) chose a risk level of 10 as a level of

acceptable carcinogenic risk for wildlife, with the acknowledgement that

more study is needed to justify this choice. Using this rationale, it is

concluded that wildlife exposure to site residues of N-nitrosodiphenylamine

are well below the level which could result in a carcinogenic response.
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Additional review of the literature on the effects of

N-nltrosodlphenylamJne to wildlife is presented in the Toxicological Profile

for N-nltrosodlphenylamin« (ATSDR, 1987). Using the subchronic no

observed adverse effect level of 150 mg/kg/day for oral exposure of

laboratory rats to N-nltrosodiphenylamine derived in this review, and a

safety factor of 10, a wildlife ADI of 15 mg/kg/day Is derived. The

estimated exposure of 0.047 mg/kg/day for burrowing rodents at this site

is well within this acceptable intake level.

19.4.3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

history of munitions activity on the site, aerial photography, site

inspection, and sample analyses. A visual survey of the site included

black oily pools in and around the basin. Black sediment and tars were

also observed on the basin floor.

Chemical residue information consisted of analytical results for

surface soil samples. The soil sample represented only the top one foot of

soil; deeper soil borings and ground water monitoring were not

conducted. Since contamination of the site occurred possibly through

surface spillage of waste, soil and sediment contamination would most

likely be found at the surface. Since there is no evidence to suggest thai:

the surrounding soil or sediment has been excavated or otherwise

disturbed, these samples should adequately represent the conditions of

the site.

The quantitative risk assessment was performed under a worst case

chronic exposure scenario of lifetime exposures and considered only the

single data point available for a "soil sample in which
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N-nitrosodlphenylam!ne was detected in the Phase 1 survey. This result is

on|y qualitatively reliable due to insufficient QA/QC supporting the

analysis. In addition, the residue concentration detected was doubled in

the risk calculation to provide a more conservative outcome. This worst

case approach resulted in risk levels that provide an ample margin of

safety for protection of potential human and wildlife receptors under the

conditions assumed.

19.5 Preliminary Remedial Alternatives

Preliminary Phase I screening results discussed in the previous section

indicated that this site does not contain contaminant levels that would result in

ei negative environmental impact. Therefore this site was not included in the

Phase II investigations. There will be no further evaluation of remedial

alternatives, and this site will not be included in the FS.

19.6 Conclusions and Recommendations

It can be concluded that the Area 14 Impoundment site does not represent

a chemical exposure risk to human or wildlife receptors at the Refuge or at

other locations. No further evaluation is recommended for this site.
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SECTION 20 - SITE 13, AREA U CHANCE HOUSE

10.1 Site Description

Site 13 is located southeast of the active Dfagraph-Bradley buildings in

Area 14 (See Figure 20-1). Further information on Area 11 can be found in

Section 19.1. Site 13 consists of the site of a building which was demolished

sometime between 1971 and 1980, according to aerial photographs from those

years. The site is presently an open field covered with tall grass. Formerly,

it was the site of a "Change House11 where workers changed their clothing

after working in the adjacent bomb-loading buildings. At one time a company

named CTI (possibly Chemicals and Technology, Inc.) manufactured explosives

and other chemicals in this building, according to the Refuge Manager. Other

industries may also have occupied this building. The change building was

located across from the bomb-loading building on a plot of land just southeast

of the intersection of two roads on the north edge of a big dirt mound. The

concrete floor of the Change House is under this mound, according to the

Refuge Manager. Aerial photos show another building (no longer present)

further east of the corner; field inspection revealed several half-inch

reinforcing rods imbedded in concrete near the corners of the building.

20.2 Site Investigations

20.2.1 Phase I Site Investigations

A magnetometer and electromagnetic terrain conductivity survey was

conducted over a 250 ft x 200 ft area, with grid spacings of 25 ft

centers. The results of these surveys are shown on Figures 20-2 ancl

20-3. No magnetic anomalies of any s'gnifican. were noted, indicating

that there is no buried metallic debris at the site.
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Six composite soli samples (0-1 ft depth) were collected along

north-south transect lines (Figure 20-1} and screened for priority

pollutants, metals, cyanide, indicators and explosives.

* 30.2.2 Phase II Site Investigations
,•.

No additional sampling was done in Phase II.

20.3 Analytical Results (See Appendix I, page 13)

The geophysical surveys did not indicate that major buried articles are

present. The soil concentrations were consistent with those detected at the

control sites, although these concentrations were estimated for screening

purposes only (see Exhibit B). No organic compounds were detected with the

exception of delta-BHC in one soil sample (69 ug/kg), which was slightly over

the detection level.

209 Environmental Effects

20.4.1 Qualitative Assessment

This site was chosen for investigation based on verbal accounts

regarding a history of munitions activity at this location. There was,

however, no history of the disposal of wastes and the historical aerial

photography review as well as the geophysical surveys did not reveal the

existence of a was te disposal area. The absence of a waste disposal area

was further supported by the results of the Phase I sampling. On this

basis, it can be concluded that there is no "source" of waste materials for
*-

on-slte exposures or for migration to off-site locations.

Because there is no established waste source at this location, it is

not possible to have a "complete" exposure scenario. Therefore, on the



basis of th« Information generated, It can be concluded that the site does

not represent a risk of chemicaf exposure to potential human or wildlife

rex:eplor». ,.-

20.1.2 Quantitative Assessment

Because a complete exposure scenario could not be Identified in the

qualitative assessment, there Is no basis for preparing a quantitative risk

evaluation.

20.4.3 Analysis of Uncertainties

The major information relied upon for evaluating this location was the

verbal accounts of activities on the site, aerial photography, and site

inspection. The verbal accounts suggested that the area could have

wastes on It, although the use of the area for waste disposal is not

Indicated.

Chemical residue information consisted of analytical results on

surface soil samples. The soils sampled represented only the top one foot

of soil; deeper soil borings and ground water monitoring were not

conducted. It appears that the ground was disturbed during the time

that the change house was demolished. The surface soils could have been

moved around or dirt hauled in to cover the building foundation. Surface

sampling would be adequate for determining that there are no

contaminants on the present soil surface, but it would not be adequate

for identifying munitions contaminants present on the soil surface (now

possibly buried) that we re exposed at the time the change house was in

use. Therefore no conclusions regarding subsurface conditions could be

drawn exclusively on the basis of the residue information. However, the



geophysical surveys did not suggest the presence of unexplained

subsurface metallic anomalies.

""""*' It can be concluded that the data generated are adequate when

_ considered in light of the fact that there was no known history of waste

disposal at this location. Residues related to the changing of uniforms

soiled during munitions loading activities would have settled on the

surface soils of the area. The surface soil sampling program would

therefore be an adequate means of locating and identifying munitions

related chemical residues.

20.5 Preliminary Remedial Alternatives

Preliminary Phase I screening results discussed in the previous section

indicated that this site does not contain contaminant levels that would result in

a negative environmental impact. Therefore this site was not included in the

Phase II investigations. There will be no further evaluation of remedial

alternatives, and this site will not be included in the FS.

20_.ft Conclusions and Recommendations

It can be concluded that the Change House site does not represent a

chemical exposure risk to human or wildlife receptors at the Refuge or at other

locations. No further evaluation is recommended for this site.
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SECTION 21 - SITE 14, SOLVENT STORAGE
"HlMrf''

21 .1 Site Description '•

Further Information on Area 14 and Dlagraph-Bradley Is presented in

Section 19.1. Linseed oil and various solvents are handled In bulk and In

drums. Some of the bulk solvents noted were: T25 Xylene. T8 Diacetone

Alcohol, T9 Diethylene Glycol, and T18 Methyl Cellosolve. Several compressed

gas cylinders are also present. At least two drum storage areas containing 50

1:0 200 drums were also noted. Spill containment facilities are minimal. Site 14

iis a drainage ditch adjacent to the active manufacturing operations of

Diagraph-Bradley (See Figure 21-1). The ditch receives runoff from a

manufacturing area where solvents are handled in bulk and in drums. The

ditch runs north parallel to the road west of the buildings. Process water

«, , from the Diagraph-Bradley buildings enters this ditch from a standpipe.

21.2 Site Investigations

:n.2.1 Phase I Site Investigations

Two composite water samples and two composite sediments (0-1 ft

depth) were collected. One sediment composite was resampled for full

priority pollutant analysis.

21.2.2 Phase II Site Investigations

One composite water sample and one composite sediment sample were

collected by the drum storage area (See Figure 21-2). The Phase II

samples were analyzed for purgeable and base/neutral/ acid extractable

%,„,* organics.

21-1



RGURE 21-I

T.

r

SITE 14
AREA 14 SOLVENT STORAGE

PHASE I

14-1
DITCH

STANDPIPE DISCHARGE

- DECONTAMINATION
AREA

APPR3CMATE SCALE

IOO zoo
0 0

CHEMICAL
STORAGE

TANKS

DRUM
STORAGE



FIGURE 21-2

SITE 14
SAMPLING LOCATIONS

PHASE II

N

SCALI IN FEET

MOO 2900



31.3 Analytical Results (See Appendix I, page 14)

21.3^1 Phase I Analytical Results

- Tht volatile and semi-volatile organic* data for Phase I are

questionable due to QA/QC deficiencies or unreliable support data (see

Exhibit B). The positive detections reported below are thus estimated

values and some compounds which were not detected may In fact be

present.

Chloroform was detected in the water samples at 11 and 13 ug/L,

which was above the ambient water quality criteria for human health of

0.19 ug/L. Iron and manganese levels in water (600 and 180 ug/L) were

above the Federal MCLs and Illinois Public Water Supply Standards, but

only the manganese concentration was above the Illinois General Use Water

Supply Standard of 150 ug/L. Iron and manganese standards are based

on concerns for taste and color, such that the levels detected are not

indicative of any site risks. Bromodichloromethane was also detected at a

concentration of 5.0 ug/L. Subsequent to an FID screening of 36,70«

ug/kg. one of the sediment samples was selected for CLP organics. This

sample contained trace organics below the detection limits or at fevefs

consistent with those detected at the control sites or in the QA/QC

blanks. N-nitrosodimethylamine (95 ug/kg wet weight), methylene

chloride (657 ug/kg wet weight), and acetone (188 ug/kg wet weight.)

were among the compounds which were detected.

21.3.2 Phase II Analy t ica l Results

Analytical resul ts for the water sampled showed 123 ug/L chloroform,

as well as traces of acetone («3 ug/L) and bromodichtoromethane (23

ug/L). Methylene chlor ide was detected in the water (3-15 ug/L) but
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also In the QA/QC blank. The spike recoveries for the CLP analysis in

wat«>r were outside of QC limits. All parameters were below the Federal

MCLs and Illinois State Public Water Supply Standards, but chloroform

exceeded the AWQC for human health of 0.19 ug/L. The sediment

contained 4-methylphenol (273 ug/kg). bls-(2-ethylhexyl)phtha!ate (270

ug/kg), dl-n-butyl phthalate (UBO ug/kg), acetone (6180 ug/kg) and

methylene chloride (S76 ug/kg). No other organlcs were detected In the

sediments; however the volatlles were analyzed outside the holding time

and the seml-volatlles were outside the QC limits for spike recoveries.

All other parameters were detected at concentrations similar to those

detected at the control sites.

21 .a Environmental Effects

21.*.1 Qualitative Assessment—
21.*. 1.1 Source Evaluation

As discussed in the preceding sections, the Solvent Storage Site is a

ditch which receives effluents from an active manufacturing facility. Its

upgradient proximity to Crab Orchard Lake creates the potential for

offslte contaminant transport to the lake. Several compounds were

detected in ditch water and sediment including N-nitrosodimethylarr.ine,

methylene chloride, acetone, M-methyl- phenol, phthalate esters,

chloroform, and bromodlchioromethane. Of the contaminants in water,

only chloroform exceeded Federal water quality criteria.

The physicochemica! and lexicological properties of site contaminants

-of concern are summarized in Exhibit A. The detection of

N-nitrosodimethylamine in ditch sediments is significant due to concerns

that It might be carcinogenic in humans. However, the residues detected
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are of the same order of magnitude as detected at the control sites, and

are not supported by QA/QC data. For these reasons,

N-nltrosodlmethylamine will not be considered further In this risk

r assessment. Dl-n-butylphthalate was detected in sediments but will not be
\ .

used as a site indicator parameter since It was also present as a

laboratory contaminant. In addition, due to its small size and Intermittent

dry periods, the ditch does not apparently support significant population

of aquatic organisms which might be exposed to phthalates or other site

contaminants. The volatility of chloroform and bromodichloromethane

compounds from water is high and it is highly unlikely that these

residues would persist for a sufficiently long period of time to be trans-

ported offsite (Callahan et. al., 1979). For these reasons, chloroform and

bromodichloromethane detected in water at this site were not chosen as

site indicator compounds. In contrast, methylene chloride was detected in

both water and sediment matrices and thus, although it may be highly
' *• '

volatile from water, its presence in sediments wilt result in its persistence

in the stream. It should be noted that methylene chloride was detected

at very low levels in the water column as well as in the water blanks; it

was not detected in the QA/QC blank for sediment.

Due to persistence, relative residue levels, and concerns for

toxiclty, methylene chloride was chosen as the site indicator contaminant.

Methylene chloride is of concern due to its ability to induce damage to

several organs in animal studies, mutagenicity, and evidence suggesting

that it may be carcinogenic in animals. Available data show a low degree

of toxicity in aquatic organisms. Although methylene chloride may also be

formed during the chlorination of plant effluents, it is also a major

industrial solvent. Its presence in the ditch sediments at this site in|L "'
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relatival/ high concentrations suggests that It may have been discharged

a s a wasU solvent. . • ? , - • • .

, .': '^V.1.1.2^Transport Route Evaluation .. ^ ~- ;• .

~. ̂  . The site Indicator contaminants have been detected only In the

sediments of the drainage ditch, lo view of the high water solubility of

methylene chloride, residues In water might be expected. However,

methylene chloride is also very volatile from water and may evaporate

Immediately under site conditions after discharge or desorptlon from the

sediment.

a) Air; Due to the high volatility of methytene chloride, the airborne

exposure route is functional.

b) Direct Contact: Due to the presence of sediments containing site

contaminants In the ditch, the tlirect contact pathway is considered

functional.

c) Surface Water; Even though site indicator residues were not

detected in the water column In significant levels, their presence In

sediments creates a functional pathway for offsite transport via

surface runoff.

21.».1.3 Receptor Evaluation

Human

Given the industrial nature of the site and non-populated
CV . downgradient land, the human receptor population will t* limited to

facility employees, site intruders, and, potentially, occasional hikers

in downgradiert areas.
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a) Air Route: Since methylene chloride residues may volatilize from

the ditch sediments and water. It Is possible that site employees or

Intruders In the immediate vicinity of the plant may b« exposed to

methylene chloride vapor.

b) Direct Contact; Given the size of the manufacturing facility and

the probable volumes of aqueous discharge, standing water will

probably almost always be present in the ditch. Therefore, 'the

likelihood that human receptors will come into direct contact with

contaminated sediments is virtually nil, and this route is judged to

be incomplete for human exposure.

c) Surface Water Route: Due to the rapid volatility of the site

contaminant from water, human exposure to site contaminants

transported off site are not probable, and this route will not be

considered further.

W i l d l i f e :.,,„> _____

The most likely wildlife receptors to be exposed to site indicator

residues include terrestrial wildlife in the immediate area of the source

discharge, and downstream aquatic organisms which may inhabit the

drainage system. Due to the small size of the ditch. It is subject to dry

periods and therefore is not likely to support a significant aquatic

population.

a) Air Route: As with human exposure by this route, any terrestrial

wildlife in the immediate vicinity of the plant discharge may be

exposed to vapors of methylene chloride. The lack of exposed

contaminated ousts will minimize inhalation exposures to dust-bound

contaminants.
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b) Direct Contact: Benthic and bottom-feed Ing aquatic organisms may

be exposed to sit* contaminants In the sediments of the drainage

system downstream If sediments are transported off site by surface

runoff.

c) Surface Water; Since site Indicator contaminants were not found In

the water of the ditch, wildlife exposures by this mechanism will not.

occur.

21.1.2 Quantitative Assessment

21.1.2.1 Estimates of Release and Exposure

a) Air Route: The qualitative assessment determined that the air

exposure route was potentially complete for humans and wildlife in

the immediate vicinity of the source discharge due to the volatility of

methylene chloride detected in sediments. Methylene chloride residues

detected in the water column of the ditch were low. approximately 15

ug/L. Without data on the total volume of contaminated water at this

location, an estimation of the steady state air concentration of

methylene chloride is not possible. It is most likely that volatilized

material will be immediately diluted to non-detectable levels and

carried offsite by wind.

b) Direct Contact: The qualitative assessment determined that the

direct contact route was complete for benthic and bottom-feed ing

aqujtic organisms living downgradient In the site drainage system.

These organisms may Inadvertently ingest site contaminant while

feeding within the sediment. Data on this ingestlon rate were not

located. For the purpose of this assessment, it Is assumed that a

benthic organism (i.e. annelid, insect larva) ingests 1 mg sediment
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p«r g body weight. This would result In a dally Intake of 0.7 ug/kg

methylene chloride; the significance of this exposure is discussed in

tht quantitative assessment.

c) Surface Water: The surface water exposure route Is complete for

»quatic organisms Inhabiting the drainage ditch. Methylene chloride

was detected at 15 ug/L, these site residues will dissipate rapidly

from the water by evaporation, unless continuously replenished by

plant discharges. The quantitative assessment will consider the

potential risk from these residues,

21.4.2.2 Quantitative Risk Assessment

Humans;

The qualitative assessment determined that the only complete

exposure route for humans at this site would be acute or ^ub-acute

inhalation exposure of plant workers to methylene chloride at levels

which in alt likelihood are below the limit of analytical detection. The

health effects of methylene chloride are produced by chronic

exposures and the acute toxic I ty of this compound is quite low.

Therefore, It is concluded that short-term, acute exposure to

methylene chloride residues which may exist at this site pose a

negligible human risk.

Wildlife:

As reasoned above, exposure of terrestrial wildlife to airborne

residues of methylene chloride poses a negligible risk due to the low

levels of contaminant present. Aquatic organisms dwelling in the

ditch downgradient of the source discharge, if any, may be exposed

to concentrations of methylene chloride on the order of 15 ug/L,
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without accounting for dilution of this contaminant In downstream

areas where the ditch Is somewhat larger. This concentration poses
/

... • no concern for acuU toxklty, .although data on the chronic effects

- .7;" . of methylene chloride are lacking. Downstream dissipation of residues

:'> would rapidly reduce chronic risks. If any, from methylene chloride
* 2^«

exposure.

21.4.3 Analysis of Uncertainties

The principal areas of uncertainty are whether there is the potential

for a viable benthic community In the drainage system in the absence of

potential toxicants, and the potential low level, long-term effects of

methylene chloride.

21.!i Preliminary Remedial Alternatives

The contaminants detected in the site investigations included volatile and

semi-volatile organics. Methylene chloride was present in both the water and

sediments in the ditch, making this contaminant the most persistent. However,

the levels in water were not considered to pose a risk to humans or aquatic

organisms (If any may inhabit the ditch) in or in the vicinity of the ditch.

Due to the detection of some volatile organics in water at levels above the

AWQC. and the proximity of active manufacturing areas, periodic monitoring of

ditch waters might be conducted. Attachment 1 details a Monitoring Program

which might be implemented. The monitoring activities together with improved

housekeeping practices in the area could provide adequate protection of the

environment and humans at this site. No further evaluation of remedial

alternatives will be considered.
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21.6 Conclusions and Recommendations

It can b« concluded that the Solvent Storage ditch does not pose a risk

to potential animal or human receptors, although Improved maintenance

practices In the area might be observed. The sediments and water were found

^contain methylene chloride but not at levels which would pose a threat to

exposed populations. This site will not be considered further In the FS. A

monitoring plan for volatiles and semivolatiles In water Is included as

Attachment 1.
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SECTION 22 - SITE 15, AREA 7 PLATING POND

27.1 SKtt Description * -.

[ 5It« IS is a pond located within a wooded rise to the south of Area 7 (See

Figures 22-1 and 23-1). The pond reportedly received plating wastewater from

previous Olin operations at the site. An Inlet pipe Is located on the northern

side of the pond. There does not appear to be any outlet. The plating pond

has dimensions of approximately 50 feet x 30 feet, and is termed to about S

fe.'et above the water level. The water in the pond was estimated to be about

4 feet deep at the time of the inspection. Frogs were observed in the pond.

2 2 . 2 Site Investigations

2 2 . 2 . T Phase I Site Investigations

One composite surface water sample and one composite sediment

sample (0-1 ft depth) were collected. The composites consisted of four

grab samples, one from each corner of the pond. A downgradient

monitoring well was installed to a depth of IS feet in clayey silt and'was

screened over an interval of 5-15 feet.

2 2 . 2 . 2 Phase II Site Investigations

A ground water sample was collected from the monitoring well

installed In Phase I. The purpose of this sampling was to determine if

contaminants present in the pond have migrated to ground water. Due to

«in oversight, two piezometers which were scheduled for thl$ site were not

installed. One composite sample of pond sediment was collected for total

and extractable chromium analysis. The purpose of this analysis was to
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determine If the pond sediments represent a source of teachable chromium

of exhibit the characteristic of a hazardous waste.

V 22.;t.3 Site Hydrogeotoglc Characterization

22.3.3.1 Site Geology

Based on results of the test boring procedure, the subsurface

unconsolidated overburden consists of a medium to dark brown clayey silt

with some fine sand as was identified in Boring 15-<t. This material is

present from the ground surface to at least 15 ft. in depth (total depth

of boring). Bedrock was not encountered in the boring and therefore

depth to bedrock and bedrock lithology is not known. As only one

monitoring well was installed, the lateral extent and variability of the

overburden is also unknown.

27.2.3.2 Site Hydrogeology

Shallow ground water occurring beneath the site was found at a

depth of 2 to 4.5 ft. below the ground surface within the clayey silt soil

unit during June 1987. The monitoring well installed screened this upper

water table. Ground water elevations collected during the winter and

summer of 1987 (wet and dry seasons, respectively) indicate a water table

fluctuation of 2.5 ft. with water levels dropping during the summer

months (Table 4-3). Figure 34-4 Illustrates the monitoring well location

- and the ground water elevation of 18 June, 1987.

22.3 Analytical Results (See Appendix I, Page 15)

22.3.1 Phase I Analytical Results:

The pond water analyses did not Indicate the presence of

contaminants at concentrations above Illinois General Use or Public Water



«,."'

Supply Standards' bulMroh (1006 ug/L) exceeded the Federal MCL of 300

ug/L, Tn« MCL for Iron was based on aesthetic concerns, however, and
— - *

does not represent a risk to human "health or the envlronroeatf The sedl-

r: meht contained 508 mg/kg chromium, but chromium was not detected in

7-j thi water. The metals concentrations detected were estimated for

screening purposes (Exhibit B). The phosphorus level was somewhat

elevated (1621 mg/kg) In the sediment. The pesticide alpha-endosulfan

was also detected In the sediment (811 ug/kg), but not in the pond

water.

22.3.2 Phase II Analytical Results:

EP Toxlclty chromium in the extract from the pond sediment was

below the detection level of 0.05 mg/L, less than the 5.0 mg/L criteria

for EP Toxiclty (40 CFR 261.24). The sediment analysis for total

chromium was not completed due to an oversight in laboratory scheduling.

The ground water contained total and filtered chromium of 15 and less

than 1 mg/L respectively. Filtered concentrations of arsenic, cadmium

and lead were below detection limits 'In the ground water and thus were

within the Federal and state standards. Total metals concentrations were

also within the standards; total arsenic and lead were 7.6 and 22 ug/L,

respectively, and total cadmium was below the detection level of 5 ug/L.

No volatile* or pesticides were detected, but PCBs were detected at 0.01

ug/l which Is above the AWQC for human health. AM other concentrations

' ' In water were within the Federal and State drinking water standards.

22_.<!•_ Environmental Effects

22.4.1 Qualitative Assessment

This site was chosen for Investigation based on Its history of use for



receiving spent plating wastewater. Since there did not appear to be an

outlet from the pond, the only viable transport mechanism for migration of

contaminants off-site was ground water.

Phase I investigations detected traces of chromium, phosphorous and

alpha-endosulfan in the sediment, with chromium and alpha-endosulfan

exceeding the typical Refuge background levels. However, the pond water

analysis did not indicate the presence of contaminants at concentrations

above Illinois Public Water Supply Standards. Supported by Phase I

results, the EP Toxicity test for chromium in the Phase II resampling of

pond sediment, was below the detection level. The levels of chromium and

cadmium in ground water were below Illinois Public Water Supply

Standards, but unflltered arsenic and lead levels were slightly higher

than the standards. The filtered concentrations for arsenic and lead

were below the detection limits. Trace PCS concentrations were detected

in the ground water, but the results were questionable since PCBs were

not detected in other samples from the site or from adjacent sites, and

past land use activities in the area do not support their presence.

Human activities in this area are limited to occasional visits by

authorized Refuge personnel and persons using the storage buildings in

Area 7. The plating pond is located in an elevated area of the site,

removed from the roadway, and restricted by dense vegetation and a

barbed wire fence. Therefore, human exposures would be of a

short-term, non-chronic nature. Under present conditions, it can be

concluded that the site does not represent a significant risk of chemical

exposure to either humans or wildlife; however, some remedial action may

be warranted to permanently decommission the pond.
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22.« .2 Quantitative Assessment
-' •—•

Because a complete exposure scenario could not be Identified In the

qualitative assessment, there Is no basis for preparing a quantitative risk

evaluation.

22.<.3 Analysis of Uncertainties

The Information relied upon for evaluating Site 15 Included a history

of plating wastewater discharge to the pond, a site inspection and sample

analyses.

Chemical residue information consisted of analytical results on one

composite surface water sample and one composite sediment sample. Since

contamination of the site occurred through the discharge of plating waste

into a pond with no outlet, the area of contamination is likely to be

" limited to the water and the surrounding sediment.

It can be concluded that the data generated and tne review of

historical information are adequate for evaluation of the remedial

alternatives for this site. The sampling analyses indicate that the site

does not contain contaminants at levels that would be detrimental to

human health or to the environment.

2 2 . 5 Preliminary Remedial Alternatives

The analytical results and risk evaluation presented in the previous

sections Indicated that this site does not contain contaminant levels that would

be detrimental to the environment or to human or wildlife receptors. However,

since the pond is no longer active, remedial measures for closure will be

evaluated as part of the FS.



22.6 Conclusions and Recommendations

it can be concluded that although the plating pond site does not

currently represent a significant risk of exposure at the Refuge, further

evaluation Is recommended as part of the FS to determine options for

permanent closure of the pond.



SECTION 23 - SITE 16, AREA 7 INDUSTRIAL SITE

23,.1 Site Description

Area 7 consists of a complex of 33 Identical buildings over an area of 55

acres which have been used for a variety of industrial purposes during the

past forty years. The buildings are arranged In six rows, each of which were

zit one time served by a railroad siding. Most of the buildings are currently

used for dry warehousing purposes. However, three buildings are used by

Pennzoil for waste oil recovery and recycling operations. Black residues are

noticeable around some of these buildings. Two other buildings are used by a

refurbisher of mining equipment. Black residues are afso evident around these

buildings. A drainage channel runs from south to north through the site.

Site 16 consists of the area in the vicinity of the five identified buildings

and the drainage ditch (see Figures 22-1 and 23-1).

23.2 Site Investigations

23.2 .1 Phase I Site Investigations:

Two composite surface water samples and three composite sediment

samples (0-1 ft depth) were collected from the drainage ditch. Nine

composite soil samples (0-1 ft depth) were also collected from those areas

which exhibited black oily soil residues in the vicinity of several

manufacturing buildings. Three samples (one sediment and two soils)

were resampled for full CLP organics analyses.

23.2.2 Phase II Site Investigations^

To define the areal exter of contaminant migration, one composite

surface water and one composite sediment sample were collected from the
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drainage ditch at locations downstream from the Phase I locations (See

Figure 23-1). The Phase II samples were analyzed for magnesium, lead,

arsenic, purgeables, pesticide/ PCBs, and base/neutrals/acid

extractables. The purpose of these analyses was to determine If surface

residuals from the Area 7 buildings were migrating along the ditch toward

Crab Orchard Lake.

23.3 Analytical Results (See Appendix I, Page 16)

23.3.1 Phase I Analytical Results:

One of the two water samples from the drainage channel contained

low concentrations of organics including chloroform (77 ug/L) and carbon

tetrachloride (66 ug/L). The detected volatile compounds were above

the AWQC for human health of 0.19 ug/L for chloroform and 0.4 ug/L

' ' ' «»»< ' *°r carb°n tetrachloride but not above the correspond^ criteria for

aquatic life protection. Both samples contained magnesium (25 and 36

mg/L) and manganese (340 and 70 ug/L). No parameters were at

concentration* above Illinois General Use Water Standards, but

manganese levels were above the Illinois Public Water Supply Standards

and the Federal Drinking Water MCLs. Manganese levels are not present

at concentrations which would pose any concerns for public health. Two

noils and one sediment selected for CLP organics contained trace organics

(estimated concentrations below the detection limit or, in the case of

acetone, detected in the QA/QC blank). The organics detected were, on

a wet weight basis, acetone (348-782 ug/kg), N-nitrosodimethylamine

(not detected to 115 ug/kg), crysene (not detected to 453 ug/kg).

••• .x pyrene (not detected to 356 ug/kg), fluoranthene (not detected to 389

ug/kg), and low microgram levels of other base/neutral compounds,



possibly due to the oil spillage Indicated by the black residues. Most of

the organic* detected were estimated values since the reported

concentrations were below the analytical detection limits. In addition, the

- volatile and semi-volatile organtcs data for Phase I are questionable due to
>

QA/QC deficiencies or unreliable support data (see Exhibit B). The

positive detections reported are thus estimated values and some

compounds which were not detected may in fact be present. Metals

concentrations are estimated. All other concentrations in soil samples

were consistent with those detected at the control sites.

23.3.2 Phase II Analytical Results:

Acetone and methylene chloride were detected in the water sample

but at levels attributed to blank contamination. Aldrin (0.17 ug/L) and

dieldrin (0.54 ug/L) were present at concentrations below the Illinois

Public Water Supply Standards but above the AWQC for humans and for1 '
aquatic life. Holding times were exceeded for the volatiles analysis, and

the recoveries for duplicate and spike samples were outside the QC limits

for the volatiles and pesticide analyses. The dissolved magnesium

concentration was 26,300 ug/L.

Traces of volatile compounds, including chloroform and

chlorobenzene, were found in the sediment, as well as 1600 ug/kg

di-n-butyl phthalate. The latter was also detected in the QA/QC

method blank sample. No other organics were detected. Magnesium (953

mg/kg), lead (13 mg/kg) and arsenic (10 mg/kg) were detected in the

sediment sample.
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23.4 Environmental Effects

23.*.1 Qualitative Assessment„,„.' i

This site was chosen for Investigation based on Its past and current

' use as a site for storage activities, waste oil recovery, and recycling

operations. Observable black residues, possibly originating from oil

spills, suggested that this site might be a source of waste material. The

drainage ditch provides a viable mechanism for transport of potential

contaminants.

Phase I Investigations detected chloroform and carbon tetrachloride

in one water sample from the ditch. Both water samples contained

magnesium but not at concentrations considered to threaten wildlife or

affect human health. The soils and sediment samples from Phase I did

not contain any contaminant concentrations that were significantly above

Refuge background levels. Phase II data support the Phase I results;

traces of aldrin and dieldrin were detected in the water sample but were

below Illinois Public Water Supply Standards and Federal drinking water

standards although above the more stringent AWQC for these parameters.

Magnesium was again detected in the water but not at levels that would

represent a concern. Magnesium, lead, and arsenic levels in sediments

were similar to the concentrations found at the control sites.

Di-n-butylphthalate was detected but was also present as a contaminant

in the QA/QC blanks. N-nitrosodimethylamine was detected in Phase I

but at levels similar to those at the munitions control site, or at

approximately one half the levels determined to be acceptable for

potentially exposed human or wildlife receptors at Site 17, Section 21.H.

The sampling results from both Phase I (upstream) and Phase II

[downstream) did not indicate any evidence of migration of contaminants

off-site. Since trace contaminants were detected, the presence of a waste
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source may be justifiable; however, the small Intermittent ditch does not

support significant aquatic life, and human visitors to the site are very

rare because the area Is used for long-term storage and not for

-j day-to-day Industrial operations or residential purposes. Potential human

exposures at the site might consist of occasional visits for 2-3 hours for

purposes of loading or unloading supplies to storage. Since no receptors

at the site could be exposed to chronic risk levels, and the levels of

contaminants do not represent a risk for acute (short-term) exposure, it

is not possible to have a "complete" exposure scenario. Therefore, on

the basis of the information generated, It can be concluded that the site

does not represent a risk of chemical exposure to potential human or

wildlife receptors.

23. H.2 Quantitative Assessment

Because a complete exposure scenario could not be identified in the

qualitative assessment, there is no basis for preparing a quantitative

risk evaluation.

23.3.3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

site inspection and the sample analyses. Black residues were noticeable

around the buildings on the site, suggesting that they may be a source

of contamination.

Chemical residue information consisted of analytical results on

surface water, sediment and soil samples. This information was obtained

only for the top one foot of soil; deeper soil borings and ground water

, monitoring were not conducted. Since any contamination of the site would
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have occurred through a variety of spills and leaks during storage and
Xllll'

loading rather than through excavation and burial, the area of

contamination would be limited to the surface soil and sediment. The

samples collected should adequately represent the conditions of the site.

It can be concluded that the data generated are adequate for

evaluation of the remedial alternatives for this site. The sampling

analyses indicate that the site does not contain contaminants at levels -

that would be detrimental to human health or to the environment.

23 .5 Preliminary Remedial Alternatives

The analytical results discussed in the previous sections l^dic?** that site

constituents have not migrated and thus do not represent a risk for offsite

transport of contaminants. The low levels of constituents found do not

..,,.' represent a threat of exposure to humans, aquatic life, or terrestrial wildlife.

However, due to intermittent storage activities in this area, it is recommended

that a follow-up monitoring program be conducted. Attachment 1 details the

frequency and sampling plan recommended. The parameters of interest for

monitoring in water include volatile organics (chlorofcrm, carbon

tetrachloride), semivolatiles, and pesticides (aldrin, dieldrin).

23.6 Conclusions and Recommendations

It can be concluded that the Area 7 Industrial Site does not pose a risk

to humans or wildlife. No further evaluation in the FS is recommended,

however, a monitoring program for volatiles, semivolatiles and pesticides in

water (Attachment 1) might be implemented.



SECTION 2* - SITE 17, JOB CORPS LANDFILL

2U.1 .Site Description

Northeast of the Refuge Water Works is a ten-acre pond created by the

Job Corps In the mid-1960s (See Figure 24-1). Attention was brought to this

pond In early 1985 because thirty or more geese carcasses were found floating

on the water or littering the shores. Some of these carcasses were relatively

fresh while others were in various states of decay. The Fish and Wildlife

Service has completed extensive analyses of these carcasses and has ruled out

a variety of potential chemical causes although a definite conclusion was never

reached. The "Job Corps Landfill" was discovered while investigating the

geese kills.

Site 17 is comprised of the pond and adjacent one-acre landfill located

north of the pond in a wooded area. The area contains widespread debris,

such as bottles and canr. which do not appear to be buried deeply. Mica

Hakes, smal! electrical contacts, and a few small capacitors have been observed

among the debris.

Aerial photos are available for the area near the Job Corps Site for 1951,

1960, 1965, 1971, and 1980. This sequence provides information on the usage

of the Job Corps area. The 1951 photo shows a clearly defined fan-shaped

dumping area with an access road entering from the southeast. This access

road suggests that dumping in this area was conducted over an extended

period. The access road is a well-defined one-lane path.

The 1960 photo indicates that the site was inactive at this time. The

landfill area shows some vegetative cover and the contrast with surrounding

vegetation is less distinct than in the earlier photos. The access road is still

visible, but covered by brush in areas, suggesting that it had not been used
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for some time. The 1951-1960 timeframe Is consistent with a 1957 automobile

'"'license plate observed during the site inspection.

I iv the 1965 photograph the access road Is distinguishable only as a

boundary of an adjacent planted field. The landfill area Is not covered by

brush or trees, and the vegetative cover appears similar to that in the

surrounding area.

The 1971 photo shows the Job Corps pond which was created in the

imid~1960s. The eastern end of the pond overlies an area whic»* had been the

access road. The landfill area shows signs of trees, brush and larger

vegetation. The 1980 photo shows the site much as it is today, with trees and

heavy vegetation overlying the fill area.

During the site inspection, various articles typically associated with

municipal refuse were noted, including bottles, plates, etc. The site is

presently covered with dense vegetation and the access road is no longer

useable.

24 .2 Site Investigations

2U.2.1 Phase I Site Investigations:

A magnetometer and electromagnetic terrain conductivity survey was

conducted. The results of these surveys are shown on Figures 2U-2 and

2U-3.

Two composite surface water samples were collected from the pond,

and seven composite soil samples (0-1 ft depth) were collected from the

landfill. A composite was collected from each of five 50 ft x 50 ft

squares vsunm the landfill as well as from two bare patches. Figure 2^ - '

depicts the Phase I sampling locations.
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24.2.? Phase It Stte Investigations;

Phase II studies were intended to better define the vertical and

horizontal extent of the contamination identified in Phase I (See Figure

2«-«). Forty-seven soil samples were collected at the landfill, thirty-five

at depths of 0-1 ft and twelve to a depth of 3 ft. All soils were analyzed

for PCBs, lead and cadmium. In addition, twelve of these samples were

also analyzed for explosives and nitrosamines. One Phase I soil (location

17-1) was reanalyzed for mercury. Two composite surface water and six

grab sediment samples were collected from the pond and analyzed for

PCBs, lead, cadmium and explosives. The pond water samples were also

analyzed for CLP organics, PCBs, arsenic, and copper. Three surface

(0-1 ft. depth) sediment samples were collected along the shallow

embankment and three were collected from the deeper area of the pond.

Five monitoring wells, four shallow and one deep, were installed to

depths of 12 to 30 feet (see Figure 2M-4). The wells were set in silt and

silty clay soils, except well 17-65 which was set on top of rock. Each

well utilized five-foot stainless steel screens. Ground water samples were

analyzed for CLP HSL organics and metals, low-level PCBs, nitrosamines

and explosives.

Two composite fish (one bass and one bluegill) were sampled from

the Job Corps Pond shortly after the Phase II investigations. The

samples were analyzed for pesticides, PCBs, cadmium, mercury and lead.

21.2.3 Site Hydrogeologic Characterization

21.2.3.1 Site Geology

The sequence of unconsolidated soils underlying the site to the

maximum penetrated depth of 28 feet (Boring 17-65) consist of

predominantly silty clay. Occasional organic silt layers with a trace of
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fine gravel were Identified In upper portions of Borings 17-9 and 17-10

and near a small swamp south of the site.

Underlying the silt and clay sequence In Boring 17-65, a shale

bedrock was encountered that was gray and friable. The depth to

bedrock was not Identified in other borings.

20.2.3.2 Site Hydrogeology

Occurrence of Ground Water

Ground water was identified to occur about 6 to 8 feet below ground

surface during June 1987 In the shallow wells. Ground water levels were

about 5 feet higher during December 1986. The ground v.ater occurrence

in the deeper well set on top of bedrock exhibited a slightly lower

hydraulic head.

Ground Water Flow Conditions

Elevations of ground water within the water table wells were

contoured and are shown on Figure 24-5. Results of these data taken

from June 1987 indicate a radial groundwater flow pattern to occur in

north, west, and south directions toward adjacent surface water drainage

swales. Discharge from the swales which contain intermittent surface flows

is toward Crab Orchard Lake about 1,000 feet west.

Ground water velocity calculations employing the formula given in

Section 4.2 were performed utilizing an average hydraulic gradient of 0.2

ft/ft (June 1987), average hydraulic conductivity (K) of 9.36 ft/day, and

a porosity of 0.35 (Davis, 1966). Resultant ground water flow velocity

was calculated to be about 9.36 ft/day or 3,100 ft /year.
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Vertical flow potential from the upper water bearing zone was found

to be slightly downward Into lower unconsoMdated aquifers based on

ground water elevations taken from well nest 17-65 17-f. v

Analytical Results (See Appendix I, Page 17)

24.3.1 Phase I Analytical Results^

The magnetometer and electromagnetic survey shown in Figures 24-2

and 24-3 of the landfill did not reveal the presence of any concentrated

pockets of conductive materials.

The surface soil samples collected from depths of 0-1 ft. from the

landfill showed the widespread presence of PCBs and lead. All surface

soil samples contained PCBs (Aroclor 1254). with concentrations ranging

from 21 to 1700 mg/kg wet weight (28 to 2059 mg/kg dry weight). Lead

was also present in all surface soil samples at concentrations of 609 to

14100 mg/kg wet weight. The detected PCS and lead levels at this site

are not typical of the Refuge background. One soil sample contained

34 mg/kg cadmium and one soil contained 3 ug/kg mercury. AM other

metals were within the range of concentrations detected at the control

sites. The metals concentrations performed in Phase I are estimated for

screening purposes.

The explosive tetryl was detected in four soil samples at concen-

trations ranging from 3.7 to 6.5 mg/kg. One of the soil samples (location

17-2) analyzed for CLP organlcs contained on a wet weight basis,

dl-n-octyl phthalate (4760 ug/kg). 1984 ug/kg methylene chloride, and

173 ug/kg acetone. The FID scan of the same samples showed 127,895

ug/kg. Methylene chloride and acetone parameters were also present in

the method blank. The second soil sample (17-6) analyzed for CLP

organics (with 654,308 ug/kg FID scan) contained 220 ug/kg wet weight
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N-nitrosodlmethylamine, but all other organics detected were below the

detection limit. One water sample contained 2.6 ug/L of 2, 4-DNT

explosive residue, which is above the human health AWQC of 0.11 ug/L

but below the aquatic life 21-hr average criterion of 230 ug/L. No

explosives were detected In the other water sample or in the sediments or

soils. PCBs and all other organics were undetected (below 10 ug/L) in

the pond water samples, and all analyzed compounds were within the

Illinois Public Water Supply Standards. It should be noted that the

volatile and semi-volatile organics data for Phase I are questionable due to

QA/QC deficiencies or unreliable support data. (See Exhibit B). The

positive detections reported are thus estimated values and some

compounds which were not detected may in fact be present.

24.3.2 Phase II Analytical Results

PCB concentrations in surface (0-1 ft. depth) soils ranged from

0.077 to 50,000 mg/kg wet weight (0.101 to 69,042 mg/kg dry weight).

Soil cores collected at 3 ft. depths, however, showed PCB concentrations

below 1 mg/kg wet weight for all except one core (17-27) which contained

8.7 mg/kg wet weight (11.6 mg/kg dry weight). Figure 24-4 shows the

areal distribution of PCB concentrations throughout the site on a wet

weight basis. Lead concentration In soils ranged from below 6 to IJU'H

mg/kg (dry weight) in the 0-1 ft. samples, and from below 6 to 13 mg/kg

(dry weight) at 3 ft. depth with the exception of soil 17-27 which had

219 mg/kg lead. The highest lead concentrations were found to coincide

with the highest PCB levels. Cadmium concentrations were relatively low

and heterogenous. At the 0-1 ft strata, eight soil samples showed less

than 1 mg/kg cadmium, while nineteen samples showed cadmium from 1 to

24-6



57 mg/kg, with a mean of 16 mg/kg. Cadmium concentrations were less

than the detection limit of 1 mg/kg at the 3 ft. depth soil samples. The

soil sample from Phase I (location 17-1) that was reanalyzed for mercury

contained 190 ug/kg. No explosive residues were found In the soils.

The pond bottom surface sediments contained between 0.65 and 260 mg/kg

wet weight (3 and 607 mg/kg dry weight) PCBs, 4-49 mg/kg cadmium,

and 38 to 5722 mg/kg lead. No other parameters were detected.

The groundwater and pond water samples contained traces of

di-n-butyl-phthalate (2-12 ug/L, below the AWQC for human health of

35.000 ug/L), Isophorone (40-115 ug/L, below the AWQC of 5,200-117,000

ug/L), acetone (22-4,270 ug/L), and methylene chloride (2-56 ug/L).

Acetone, isophorone, and methylene chloride were also detected in the

method blanks. The organics analyses were outside the QC limits for

duplicate recoveries for some compounds were extracted outside of holding

time.

The explosive nitrobenzene was detected in the water samples but

not in the soils or pond sediments. Nitrobenzene concentrations

(unfiltered) were 1.48 to 11.4 ug/L in the wells and 1.08-1.68 ug/L in

the pond water, well below the AWQC of 19,800 ug/L (human health

level), or 27,000 ug/L (aquatic life acute maximum).

Cadmium was below the 5 ug/L detection level (total and dissolved)

for all pond and groundwater samples. Arsenic ranged from 7 to 27 ug/L

'total, and from less than 2 to the detection limit of 25 ug/L dissolved.

Chromium ranged from 18 to 139 ug/L total and 1.7 to 6.4 ug/L dissolved

In the wells, exceeding the standard of 50 ug/L for Illinois public waters

and Federal drinking waters; chromium was not analyzed in the pond
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water samples. Lead was detected between 4.3 to 55 ug/L total and 3.8

to 21 ug/L dissolved In groundwater, and between 1.6-3.6 ug/L total and

less than 1 ug/L dissolved in the pond. Only one sample, grcund water

from well 17-11, exceeded the Illinois and Federal standard of 50 ug/L for

lead. The ratios found between total and dissolved metals values indicat-

ed that the higher concentrations detected are mostly associated with

suspended solids. All dissolved metals concentrations were below the

Illinois Public Water Supply standards and Federal MCL standards.

PCBs (total aroclors) were detected in the groundwater samples at

0.01 to 11 ug/L. The higher range detected may have been due to

suspended matter in the sample since most of the detected concentrations

are higher than the solubility limit of PCBs in water. The pond waters

contained 0.032 and 0.058 ug/L PCBs. All detected PCB concentrations

were above the AWQC for human health and aquatic life protection. One

well (17-65) contained traces of chloroform (12.5 ug/L), another well

(17-10) had pentachlorophenol (19 ug/L), and bis(2-ethylhexyl) phthalate

(23 ug/L). Well 17-9 also contained 10 ug/L of bis(2-ethylhexyl)

phthalate. Chloroform levels exceeded the AWQC for human health of

0.19 ug/L; pentachlorophenol was above the criteria for protection of

aquatic.life (3 .2 ug/L average), but not above the level for protection of

human health (1,010 ug/L). The concentrations of phthalates were below

the applicable AWQC criteria of 15,000 ug/L (human health). Two fish (a

bass and a bluegill) sampled from Job Corps Pond were analyzed for

pesticides, PCBs, and metals. No pesticides or PCBs were detected, but

low levels of cadmium (0.05 mg/kg in bluegill only), lead (0.57 mg/kg in

bass, 6.94 mg/kg in bluegill), and mercury (0 .243 mg/kg In bass, 0.072

mg/kg in bluegill) were found.
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Two composite fish (one bass and one blueglll) sampled from the Job

Corps Pond were analyzed for pesticides, PCBs, cadmium, mercury and

"'""' lead. No pesticides or PCBs were detected (detection limits 20 to 400

ug/kg). Low levels of cadmium (0.05 mg/kg in bluegill only) and mercury

(0.243 mg/kg in bass, 0.072 mg/kg in bluegill) were detected. Lead

concentrations were higher for bluegill, at 6.94 mg/kg, while only 0.57

mg/kg were detected in bass.

24.4 Environmental Effects - Job Corps Landfill

24.4.1 Qualitative Assessment

24.4.1.1 Source Evaluation

As described in Section 24.1, the site was likely to have been an

area where mixed municipal and industrial type wastes were disposed.

Field inspections of the site revealed various cans, bottles, containers

, and other articles typical of a mixed sanitary waste. However, the site
>,!,!

inspection also noted the existence of a small exposed area containing wire

electrodes and electrical components, suggesting that this location may

have also received wastes of industrial origin. Ceophysical investigations

suggested widely-scattered debris rather than concentrated areas of fill

material. The soil boring program encountered materials just below the

surface (0-1 ft) consistent with what was observed at the surface.

Results of the soil and sediment sampling and analysis program

indicate that the primary chemical compounds of concern at this location

are PCBs, cadmium, and lead. Levels of cadmium at the site are very

heterogenous making it difficult to derive accurate value for exposure in

a quantitative risk assessment. In view of concern for cadmium toxicity

to wildlife a qualitative risk assessment was completed. The
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concentrations of PCBs detected, ranging from 0.077 to 50,000 mg/kg wet

weight (0.10 to 69,0*2 mg/kg dry weight) are unusually high and

Inconsistent with what might be expected to be present within a landfill

containing municipal wastes. Of the chemical compounds Included and

consistently detected at elevated levels In the sampling and analysis

program, PCBs and lead are the most toxic. Therefore, for purposes of

the quantitative risk assessment, it will be assumed that PCBs and lead

are the compounds representing the highest risk. Since

N-nitrosodimethylamine was also detected in a soil sample collected during

the Phase I investigation, it will also be considered in the quantitative

risk assessment for this site. Furthermore, for purposes of the

nitrosamines assessment, and in order to provide a worst case

conservative outcome in light of the uncertainty associated with the

analytical result for this specific class of compounds, the concentration of

nitrosamines in soil will be considered to be twice the level found in the

single soil sample analyzed (i.e. 110 ug/kg rather than the detected level

of 220 ug/kg). PCBs, lead and N-nitrosodimethylamlne compounds are

therefore used to define the waste "source". Exposure to cadmium in soil

and sediment will qualitatively follow the exposure scenarios of PCBs and

lead.

The physiochemical and toxicological properties of PCBs, nitrosamines

and lead, as well as cadmium are summarized in Exhibit A. Lifetime

dietary exposures of rodents to PCBs have established the carcinogenic

potential of these compounds. PCBs produce a number of other chronic

and subchronic effects as well. Lead exposure also presents cause for

concern due to neurological, hematologica! and other effects demonstrated

in humans and animals produced by chronic exposure to low lead levels.
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There is Insufficient evidence to determine If lead exposure presents a

risk of cancer. Although dietary lead acetate has produced cancer in

4est animals, lead acetate would not be expected at the site due to

..v.y. chemical conversion to insoluble oxide and sulfate salts (USEPA

ECAO-CIN-H055, 1984). PCBs were detected in surface soils in the

landfill, as well as In the sediments of the adjacent pond. Based on the

physiochemical properties of PCBs and lead, it can be assumed that they

are strongly adsorbed to the surfaces of soil materials. They will

therefore not be leached by runoff or surface infiltration, but will behave

and be transported along with the particles to which they are adsorbed.

There were no free liquid PCBs encountered during the investigation.

Because of the identification of PCBs in all of the soil samples

collected, it is assumed that all of the samples within the defined

boundaries of the site contain PCBs at levels in the range detected. For
'»! II H*

purposes of the quantitative risk assessment, the average value of 7,950

mg/kg dry weight PCB as Aroclor 1251 will be used as the worst case

mean concentration, and the maximum concentration detected (69,012

mg/kg dry weight Aroclor 1251) will be used to represent the "upper

bound" worst case residue. For lead, a soil level of 5,000 mg/kg dry

weight was selected as a representative upper bound value for the site.

21.4.1.2 Transport Route Evaluation

a) Air; PCBs in soil exert a relatively low vapor pressure, but under

certain conditions, transport of PCBs In the vapor state could

constitute a functional transport route. Lead does not exert an

I.,..,' appreciable vapor pressure, and therefore cannot be transported in

the vapor state in significant quantities. However, because of the
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existence of exposed, soil-adsorbed PCBs and lead at the site, dusts

generated by wind erosion, vehicular traffic or activities by1 %„»•'" '
endogenous wildlife are likely to contain contaminants which can

subsequently be transported by the air route. Therefore, it can be

concluded that the air transport route can function to carry PCBs

and lead and other waste related compounds to on- and off-site

locations for subsequent exposures by receptors in those areas.

b) Direct Contact; Because of the existence of PCBs and lead in

exposed wastes, soils, vegetation and sediments in the area,

exposures by the direct contact route are possible.

c) Surface Water: There is a pond located directly adjacent to the

waste area. The pond discharges to an adjacent stream through an

engineered control weir, also adjacent to the waste area. Inspection

of the site revealed the presence of waste materials at the shoreline,

*""""'" as well as submerged in the pond. The surface of the wastes in the

site are approximately zero to four feet above the level of the pond.

Therefore, it is likely that runoff from the waste site is directed

into the adjacent pond.

In addition to the proximity of the exposed waste materials to

surface water, the results of the sampling and analysis program

indicate that the pond sediments contain PCBs. It is presumed that

the PCBs in the pond sediments originated from the materials

deposited in the landfill. On this basis,it can be concluded that the

surface water transport route can function to transport waste

materials from within the site to the pond, as well as by stream flow

to offsite locations.
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d) Ground Water; Results of analyses of the ground water Indicate only

minor residues of PCBs ranging from 0.01 ug/L to 11 ug/L. Lead

was found at «.3 mg/L to 55 mg/L. However, It Is Hkely that the

contaminants detected In the ground water samples are the result of

the installation of the monitoring wells within a fill area containing

PCBs and lead, rather than PCBs and lead which have migrated with

the movement of water through the active mass. This behavior is

consistent with what is known and previously observed regarding the

movement of PCBs and lead in ground water and the absence of

these constituents In subsurface soil. They are not expected to

move with ground water to any appreciable extent due to their high

affinity towards silty soils observed at this site. (See hydrogeology

discussion, Section 24.2.3). The measured soil hydraulic

—6 -4conductivity at this site ranges from 1.5 x 10 to 2.64 x 10

ft/sec, (Table 4-4) further indicating the retardation of movement of

PCBs and lead.

Based on the detection of only minor contaminant residues in

the ground water, and, more importantly, on what is known

regarding their behavior in ground water, the ground water

transport route is not considered a significant means of transporting

PCBs and lead to offsite locations. Because residues of the other

monitored components such as cadmium were not detected in the

ground water, and there are no ground water users In this area,

the ground water transport route will not be considered further as a

component of the risk assessment.
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24.<.1.3 Receptor Evaluation

Human
''""•nil*1' ~~~"~~"~'

As Described in th« section on the general land use within and

adjacent to the Refuge, the area within the Refuge Is not populated

by humans. There are only minor numbers of humans occupying the
i--.

Refuge for industrial (occupational) purposes, and the Refuge has

only a moderate daytime recreational use load. A large proportion of

the refuge is designated as a wildlife sanctuary, and is therefore

posted off limits to human use.

The area in the direct vicinity of the Job Corps site is not

used as a manufacturing area. There are no users of ground water

in this area. Access to the landfill has been minimized by

cultivating tall and thick brush and trees in the area. Therefore,

exposures by humans on a day to day basis would not be expected.

'"""•"'' However, because of the existence of open water at this

location, and its attractiveness to recreational users of the Refuge, a

small number of human receptors could potentially experience

potential one-time or isolated multiple exposure. This area of the

Refuge is open for deer hunting for only one week per year; it is

closed to the public for the remainder of the year. On this basis a

human receptor could be characterized as a hiker or hunter. Also

included as a human receptor would be a Refuge worker who might

visit the area as part of a routine maintenance of the spillway.

It is likely that the total number of human receptors is low.

A upper bound estimate of the number of human use-days in the

pond area might be on the order of 25 per year according to the

Refuge Manager. One human use-day is defined as a period of

about four hours, where the pond and adjacent areas are used by
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one human for recreational purposes. However, because the adjacent

areas are more attractive to recreational users, the actual landfill

area would experience a much lower amount of us« days. An

upperbound estimate of human use in the landfill, as related to

hiking through the landfill on the way to a more "attractive" recre-

ational area might be 10 use-days per year. Specific scenarios

under which the human users of the area might become exposed to

the PCBs, cadmium or lead residues in the area will be developed in

the following sections.

The transport route evaluation identified three major functional

transport mechanisms: the air route, the direct contact route, and

the surface water transport route. Human recreational receptors

identified in the previous section would be within the influence of

each of these transport routes. However, for the most part, they

would only be able to experience exposures while within the area of

the landfill and adjacent pond, or as a consequence of their use of

that area. There is no route for Ingestion of contaminated fish

unless a human receptor was to illegally catch and consume fish from

the pond. Humans at areas removed from the landfill and pond,

such as residents of nearby communities or other populated areas, as

well as recreational users of the Refuge not entering the landfill or

pond, would not be within the influence of the site.

The following sections describe the most likely exposure

scenarios associated with each of the identified functional transport

routes.

a) Direct Contact: The most likely human exposure scenario would be

exposures to PCBs, lead, cadmium, and other waste components as a
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result of direct contact with the waste materials and contaminated

pond sediments. Because there are no human populations residing in

the areas of the landfill, chronic (repeated long term) exposures

would Hkely not take place. Direct contact exposures would occur on

a one-time, or limited multiple event short term basis, experienced

by recreational users of the pond and adjacent landfill.

Although PCBs and lead are not especially permeable through

Intact human skin, the most likely route by which they could enter

the receptor's body following exposure would be through incidental

ingestion of the soils or vegetation on the receptors body. Direct

contact exposures could also extend into the users' homes, providing

exposures to secondary receptors such as family and friends. It is

possible that waste residues might become adhered to the shoes or

clothing of a recreational user, to be transported to the user's home

and become established as residues. The introduction of

contaminated materials into a home along with soiled clothing or shoes

could establish a reservoir of material that would persist and repre-

sent a longer term, chronic exposure.

b) Air Route: Dusts generated by wind erosion or foot traffic, as well

as volatilized residues, represent a source and pathway for

exposures via the air route. The most likely human receptors

experiencing exposures via this route would include hikers or

recreational users who would disturb and breathe contaminated dusts

kicked up from the ground or dislodged from broad-leaf vegetation

while walking throuc the landfill or adjacent areas. These

exposures are likely to occur on an acute (one-time) basis or on a

few occasions. Due to the absence of human populations near the
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site, no chronic exposures would be expected. However, long

distance transport of dusts towards populated areas Is unlikely due

to the level of vegetation at the site. Also possible;" would be the

inhalation of dusts by the recreational users and secondary receptors

such as family members, who breathe dusts arising from soils

adhered to the boots and clothing of the recreational user and

transported out of the landfill.

c) Surface Water Route: The major uptake route usually associated with

surface water exposures, such as by swimming and wading, is the

inadvertent Ingestion of water and sediment. However, the surface

water route would not be a major human exposure route at this

location because the pond is not used by humans for swimming or

wading. There are other areas of the Refuge, notably Crab Orchard

Lake, which are more attractive for swimming and wading.

Nevertheless, it is possible that contact with the pond water and

sediments might occur on a less than whole body basis, as might be

associated with fishing and hiking. Neither fishing nor hiking are

practiced in the immediate area. This route will be further evaluated

within the quantitative assessment.

d) Ingestion: Ingestton of fish and game in the Job Corps landfill or

the adjacent pond by human recreational users is an exposure

pathway which requires further consideration. PCBs are lipophilic

compounds which tend to partition into and accumulate in

fat-containing tissues of animals. Ingestion of fish and game by

humans utilizing the area near the Job Corps landfill would therefore

be a potential scenario of exposure and uptake of PCBs as well as

lead. However, only lead, and traces of cadmium and mercury were
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found in a limited sampling of pond fish; PCBs were not detected in

this sampling. A 1982 survey of contaminants in deer tissue at the

Refuge (Ruelle. March 1983] did not show measurable PCB levels in

either the fat or red meat tissues analyzed. A 1980 survey

(Gritman, 1982) detected average lead levels In deer liver tissue at

5.6 mg/kg.

A relatively large percentage of the human users of the Refuge

would be within a mile or so of the area for purposes of hunting.

Fishing in the Job Corps site pond is not permitted although illegal

fishing is conceivable. The abundance of game fish in Crab Orchard

Lake and other lakes nearby further discourages fishing at the Job

Corps pond. Because game would be taken from the area only on

isolated occasions, this route would not represent a chronic

exposure, but would be limited to a single acute or multiple acute

exposures. Due to very the low likelihood of repeated use of the

pond for fishing, human exposures by the ingestion of fish will not

be considered further.

Wildlife

As described in the introduction to this report, Crab Orchard

National Wildlife Refuge is an area that has been set aside to foster

the breeding and preservation of wildlife endemic to that part of the

country. Based on field inspections of the Refuge, as well as

accounts relayed by Refuge Managers, there is an abundance of

wildlife in the area. Of special note are the large populations of

migratory aquatic waterfowl, including various species of ducks and

geese who use the Refuge as a stopover during their excursions
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north. Also of note are populations of white-tailed deer and

numerous species of small mammals such as raccoon, rabbit and

opossum. Crab Orchard Lake fs also abundant with various species

of warm-water fish, such as bass and catfish.

The area in the direct vicinity of the Job Corps Landfill is

similar to the other areas of the Refuge. Of special note is the

pond which is directly adjacent to the landfill. Field inspection of

this location noted that the pond contained species of panfish,

turtles, frogs, aquatic insects, and abundant aquatic vegetation.

The pond was observed to be frequented by transient waterfowl.

During the inspection, roughly 30 geese carcasses were found in the

area. There were also deer tracks and a number of small mammal

burrows.

With the exception of the general field inspections, there has

been no formal survey of wildlife conducted on the area of the

landfill and the adjacent pond. According to Ruelle (1987), the

Refuge contains two active nesting areas of the endangered bald

eagle. It could not be determined whether, in addition to common

species of endemic wildlife, there were any other threatened or

endangered wildlife species in the area. However, because many of

the areas of the Refuge have been set aside as wildlife breeding

grounds and also as stopovers for migratory birds, it is possible

that other threatened or endangered species may be present in the

Refuge.

Based on the field observations, as well as the high wildlife

density in other portions of the Refuge, it is concluded that the Job

Corps landfill and the adjacent pond contain wildlife receptors which
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warrant consideration within this risk assessment. This area contains

open water attractive to water-fowl, and the pond is of adequate

area and depth to support aquatic life. The landfill area has become

overgrown with vines which may provide a desirable location for the

establishment of dens by small mammals. Therefore, It can be

concluded that the landill and adjacent pond can, and most likely do,

provide a transient as well as permanent habitat for various species

of wildlife.

The following sections present exposure scenarios by each of

the transport routes identified in the preceding sections as

functional.

a) Air Route: Wildlife in the area would experience exposures to waste

components by the air route. However, in contrast to the activities

described for the human exposure, wildlife would be expected to

come into more intimate contact with waste contaminated dusts and

vapors through burrowing, preening and feeding activities.

Therefore, inhalation exposures would be likely to be of considerable

duration and frequency. In contrast to the limited frequency of

exposures experienced by the human receptors, wildlife would

experience both acute (in the case of transient species) as well as

lifetime chronic exposures (in the case of endemic species). The

magnitude and significance of these exposures will be discussed in

the quantitative risk assessment.

b) Direct Contact: As with the inhalation route, wildlife In the area

would experience chronic as well as acute exposures to the PCBs,

cadmium, and lead in the landfill and the adjacent pond. These

exposures would result in prolonged skin contact with the soil-borne
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wastes, as well as ingestion of the materials through preening

activities.

c) ingestion; In contrast to the acute exposures potentially

experienced by human users of the area, wildlife inhabiting the site

would be likely to experience both acute as well as chronic

exposures to PCBs, cadmium, and lead and other waste components

via ingestion. These exposures would result from incidental

ingestion of soils, vegetation, or sediments during preening arid

dusting (birds and small rodents) activities, as discussed in the

direct contact section. Ground-feeding birds and gallinaceous birds

(e.g. quail) ingesting grit could also ingest quantities of

contaminated soil. Exposure would also occur as a result of normal

dietary ingestion of vegetation and wildlife in the area.

Soils and dusts containing waste components would be consumedi
III!

by herbivores along with contaminants accumulated in terrestrial or

aquatic vegetation. Many aquatic waterfowl also consume large

quantities of sediment as part of their diet. These inputs could

represent a major exposure and uptake route.

With regards to animal life, aquatic and terrestrial inhabitants

would be expected to contain bioaccumulated residues of PCBs,

cadmium and lead. These bioaccumulated residues would be

consumed by predatory wildlife, resulting in ingestion exposures. A

limited survey of Job Corps Pond fish residues did not, however,

detect PCB residues.
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21.4.2 Quantitative Assessment

24.4.2.1 Estimates of Release and Exposure Rates

Estimates of Airborne Exposures

The qualitative section of this assessment has established that the

air pathway represents a complete exposure route. This pathway consists

of the breathing of PCB-contaminated dusts at the Job Corps landfill site

created by occasional human recreational activities (i.e., hiking, hunting)

and by the burrowing activities of wildlife, as well as PCB vapors

evaporating from the soil. No air monitoring surveys were conducted,

(except for the purpose of worker safety) nor were appropriate models

available to estimate the quantity of respirable dust kicked up or

dislodged into the breathing zone of a walking human.

Hwang et. al. (1986) developed one methodological approach for

modeling exposure to airborne PCB residues which have evaporated from

the adsorbed or liquid state on or in soils. Using the vapor pressure as a

measure of the air concentration of Aroclor 1251 and the estimated air-soil

partitioning behavior of PCBs, these authors reasoned that, for example,

soil concentrations of Aroclor 1254 in excess of approximately A mg/kg

would be a saturation concentration. Further, under such conditions the

volatilization of PCBs can be estimated purely by consideration of the

vapor pressure, without consideration of the soil adsorptive properties of

the residues. In addition, the mass flux would thus be independent of the

PCB concentration in the soil.

Hwang et al. (1986) estimate that the emission rate for Aroclor 1251

under saturated soil conditions is 1.13 x 10~ g/sec/cm , or 1.13

ug/sec/m2 . Since the soil PCB concentration at this site exceeds the 4

ug/g concentration stated to represent a saturated condition in soil, the
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emission rate given above will be used to model inhalation of PCB vapors

on the site. U.S. EPA (1986) presents a model for estimation of airborne

residues emitted from a hazardous waste site which considers both

advection and dispersion. Conceptually, the model is comparable to the

methodology employed by Hwang et al. to perform a similar estimate.

However, because U.S. EPA (1986) presents the methodology In greater

detail, it will be utilized here. The basic relationship is:

C(x) Q

pi*y*z*u

where:

C(x) = is the concentration of substance at distance x

from site (mass/volume)

Q = release rate of substance from site (mass/time)

y = dispersion coefficient in the lateral (crosswind)

direction (distance)

z = dispersion in the vertical direction (distance)

u = mean wind speed (distance/time)

pi = 3.141593

For the purpose of a worst case assessment, it can be assumed that

an individual is standing on a down wind edge of the Job Corps Landfill,

and is exposed to PCB vapors emitted from an area of 45 m x 1 m (the

landfill is approximately 0.5 acre in area, or about 45m x 45m). Thus,

the PCB emission rate is 45 m x 1.13 ug/sec/m or 50 ug/sec. Using this

Case u (m/sec) Y £ C(x) ug/m3

1 1 hr 1 1 2.5 6.37
2 24 hr 2 2 3.5 1.14
3 7 day 3 6 5 0.18
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The relative contribution of this component of airborne exposure is

discussed below.

For the purposes of this analysis. It Is assumed that an adult male

(70 kg) Is exposed to an average of 10 mg/m3 of respirable dusts and soil

particles (a level considered to constitute a nuisance) kicked up during a

1-hour recreational activity at the site. The soil monitoring data at this

site gave a geometric mean value of approximately 7.950 mg/kg dry weight

of total PCBs in soil, with a maximum of 50,000 mg/kg wet weight (69,042

mg/kg dry weight). Also assuming an inhalation rate of 1.3 m3/hour for

light activity (USEPA ECAO-CIN-477, 1985) and that all the inhaled PCB

is bioavailable, a total exposure of 413 ug PCB is obtained in the 4 hour

period using the mean PCB concentration, or 5.9 ug/kg body weight. In

comparison, a four hour exposure to vapors of PCBs under worst case

conditions as calculated using the air model above would produce a total

exposure of 1.3 m3/hr x 6.37 ug/m3, or 33 ug, less than 8 percent of

the component of exposure from dust inhalation. For this reason,

exposure to PCBs in the vapor state was not considered further in this

assessment. Assuming three 4-hour visits per year, a daily inhalation

intake of 0.05 ug/kg/day is estimated.

Comparable exposure by inhalation to soil residues of

N-nitrosodimethytamine at 440 ug/kg results in a daily intake of 2.6 x

10~ ug/kg/day. The value for lead assuming the same exposure scenario

and a soil level of 5,000 mg/kg would be 0.03 ug/kg/day.

The acute toxicity of PCBs and lead is quite low to humans and

terrestrial animals. For instance, the acute oral LD50 of Aroclor 1254 in

adult Sherman rats is 4 to 10 g/kg body weight (USEPA AWQC, 1980).

Acute inhalation toxicity data were not located, but an intravenous LD50

value in the rat of 0.358 g/kg for Aroclor 1254 may be a worst case ap-
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proxlmatton. Thus, a safety margin of approximately 100 or more exists

for acute Inhalation exposure to PCBs of a human under reasonable worst

case conditions. Lead will b« considered in Section 24.4.2.2.

Because the Job Corps landfill is very rarely used for recreational

purposes, chronic exposures at the site do not exist for humans. The

contribution of inhaled soil particles containing PCBs and lead to lifetime

health risks in humans is discussed in Section 24.4.2.2.

Unlike humans, chronic exposures of wildlife to PCBs and lead at the

site are likely by inhalation and other routes. The site provides good

habitat for small mammals such as mice, chipmunks, and the like which

may inhale soil dusts and vapors during burrowing activities. As with

humans, no models were located for estimating inhalation exposures in

small mammals under these field conditions. Using an active breathing

rate value of 0.0042 m3/hour for a 30 g mouse (USEPA ECAO-CIN-477,

1985) and creation of a 10 mg/m3 dust of 7,950 mg/kg dry weight PCBs

during 1 hour of daily burrowing, a daily chronic inhalation exposure of

0.016 mg/kg body weight PCB is obtained. The comparable value for lead

at a soil level of 5,000 mg/kg is 0.004 mg/kg. In addition, all rodents

living in burrows within the contaminated area of the landfill (within the

top 1 foot of surface soil) would be expected to inhale a significant

portion of PCB vapors enumerating from the soil. Cadmium or lead

vapors are not expected to be significant due to the affinity of these

metals for soils and the low vapor pressures of these metals compounds.

Assuming that the air is saturated with PCB vapors at the present

conditions at the landfill, a still wind speed of 1 mph, and an estimated

residence time of 16 hours in the burrow (one hour of which is spent

burrowing, the remainder resting), an exposure of 1.03 mg/kg day is
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estimated for thfs route. Table 21.1 presents additional detail for the

wildlife exposures estimated for this site.

Other types of wildlife which might receive exposures via the

Inhalation route at this site Include deer, rabbit, mink and otter; the

corresponding exposure levels for each species depends on their

breathing rates, body weight and habitat. The magnitude, contribution

and significance of these airborne dusts to total lifetime exposure are

presented in Section 21.4.2.2, Quantitative Risk Assessment Table 24-1.

Estimates of Exposures by Direct Contact

The direct contact route of exposure at the Job Corps landfill has

been identified as complete for both humans and wildlife. However, since

PCBs and lead are very tightly bound to soils and sediments, dermal

absorption of PCBs and lead is not expected to be significant for humans.
I**1'

The contributions from this exposure pathway for wildlife are addressed

below in the evaluation of ingestion exposures, as a result of prolonged

intimate contact with contaminants in soil during daily burrowing

activities. Rather, the pathway consists of ingestion of soil-bound

residues picked up through direct contact with the soils. Therefore, the

contribution of this route of exposure will be discussed in the following

section on ingestion exposures.

Estimates of Ground Water Exposures

As previously discussed In Section 24.4.1.2, groundwater residues of

PCBs and lead are minimal in the silty soils encountered at this site, and

most likely resulted from the fill material during the drilling of monitoring
r

wells. Furthermore, there are no ground water users at this site or in
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the eastern portion of the Refuge. Therefore, the ground water

exposure pathway is Incomplete, and will not be considered quantitatively.

Estimates of Exposure by Surface Water

The qualitative assessment has identified the surface water route as

complete at the Job Corps site in view of the direct contact of the landfill

with the pond, the presence of PCBs and other waste components in the

pond water and sediments, and the availability of an outlet stream for

offsite transport of residues. Although the pond may serve as a major

source of drinking water for large mammals (i.e. deer, raccoons, beaver)

and waterfowl, it will not produce signfficant human exposures.

Surface water ingestion by wildlife will be considered in the following

section on ingestion. The presence of PCB residues in the pond

sediments and water column provide a source of chronic exposure by

aquatic organisms and water fowl. Mean values of total PCB residues

were calculated from site monitoring data to be 0.045 ug/L for pond water

and 109.635 ug/kg for sediment. USEPA AWQC (1980) has established a

criterion of 0.014 ug/L of PCB to be protective of freshwater aquatic life

under chronic exposure conditions and 2.0 ug/L under acute exposure

conditions. Thus, pond water concentrations of PCBs exceed the AWQC

chronic toxicity criteria for freshwater aquatic life, but not the acute

exposure level.

While there are probably too few data points to currently establish

an accurate mean concentration of PCBs in the pond water, resident

organisms will also receive exposure via contact with contaminated bottom

sediments and ingestion of residues accumulated in food chains from the

sediments. It is feasible that populations in the pond may be at risk
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from exposure to PCB residues In bottom sediments, although a limited

survey of pond fish did not show detectable PCB levels, and a qualitative

survey of pond life (Section 24.4.1.2) would suggest that such impact is

not grossly obvious.

Estimates of Ingestion Exposures

Human

PCBs as a class are highly lipophilic materials which are readily

taken into the body and tend to resist metabolic destruction and

elimination. Thus, the well documented ability of PCBs to bioconcentrate

in organisms from ambient media and food is one of the most significant

chemical and toxicological properties of these materials. The presence of

PCB residues in surface soils and in the pond water and sediments

presents a source of exposure via ingestion of accumulated residues of

food items by terrestrial and aquatic wildlife.

As discussed in the Receptor Evaluation, human consumption of fish

caught in the Job Corps Pond will be negligible, since recreational fishing

at this site is not permitted, and nearby Crab Orchard Lake offers an

abundance of popular game fish for the sports fishermen. In addition, a

limited survey of pond fish did not show detectable level of PCBs (0.4

mg/kg detection limit). This pathway is therefore technically incomplete

for humans and ingestion of fish will not be considered in the quantitative

assessment of human exposures.

Human ingestion exposures to PCBs may also occur by consumption

of contaminated venison taken during the limited Refuge deer season.

However, as cited in Section 2.6.U of this report, analysis of ten Refuge

deer for PCB contamination showed no detectable residues in either fat or
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rod meat. deer tissue. Given these data and the transient nature of

grazing by deer at the site, the probability of human exposure appears

nil. . . ~ v-,*;<

For purposes of the evaluation of ingestion exposure, an individual

is assumed as a worst case estimate to consume 100 mg of soil

contaminated with 7,950 mg/kg of PCBs per trip to the site (i.e. for

hunting), as the result of direct contact with the soil to skin, boots and

clothing. This produces a total ingestion exposure of 0.011 mg/kg/trip

for a 70 kg adult. For the worst case assumption of three such trips per

year, recurring over a 70-year lifetime, a daily intake of 0.093 ug/kg/day

is estimated for the ingestion route (see Table 24-1). A comparable value

for lead exposure would be 0.058 ug/kg/day for ingestion of soil

containing 5,000 mg/kg lead. The corresponding daily intake from

ingestion of soil containing N-nitrosodimethylamine at 440 ug/kg would be

5.2 x 10 ug/kg/day. The potential human health risks associated with

these chronic exposures are discussed in Section 24.4.2.2.

Wildlife

Data are limited for estimating the chronic effects of PCB and lead to

wildlife. USEPA AWQC (1980) discussed studies indicating mortality and

reproductive failure of mink fed PCB-adulterated fish meal. A nine month

feeding of 2 mg/kg dietary Aroclor 1254 significantly inhibited

reproduction and 10 mg/kg resulted in complete mortality of pregnant

female mink. For purposes of the wildlife assessment. It is assumed that

PCB concentrations In fish are present at one-half the detection limit used

In the survey of pond fish (since the analyses did not measure detectable

residues), for a concentration of 0.2 mg/kg. An assessment of the

exposures to wildlife from pond fish is discussed in Section 24.2.2 .2 .
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Wildlife may also receive exposure from Inadvertent Ingestlon of

contaminated soil, vegetation, or sediment via preening or burrowing

activities and consumption of food at the site. The magnitude of such

_"*-' exposures is also a function of food preference, home range, and
-=V

migratory pattern of the species. For instance, deer move relatively long

distances (large home range), feed on or browse through vegetation

located higher off the ground and do little preening. Rabbits have a

small home range, feed on broad leaf vegetation located close to the

ground that usually has higher contaminant concentrations due to rain

splash, and they preen regularly. Some duck (diving) species dabble in

sediments but only spend part of the year in an area and when settled

they move frequently from one body of water to another. Such species

would not be expected to receive significant exposures via residues in the

pond sediments since these might spend approximately two months per

year at the Refuge, and during this time would reside preferentially in

nearby Crab Orchard Lake. On the other hand, duck species which might

remain on-site long enough to receive any quantifiable exposures are

predominantly vegetarian types such as mallards or other surface

dwellers, and could be exposed to contaminants as a result of feeding on

terrestrial and aquatic vegetation. Mice live close to the soil, preen

regularly, and may consume roots or other plant parts growing close to

the soil that can accumulate relatively high levels of contaminants from

rain drop splash and wind erosion. In order to assess the potential risks

to wildlife posed by site soil and vegetation residues, these species were

chosen to represent a variety of such biological and ecological variables.

The magnitude of these ingestion intakes of soil, sediment and vegetation
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and their significance In a lifetime of exposure to site PCB residues is

detailed in the following section on Quantitative Risk Assessment.

Exposure of small burrowing animals such as mice to soil residues is

also possible by dermal absorption, as well as by direct Ingestion. No

guidance was located for conducting an exposure assessment of such an

event. Key elements of such an assessment, such as the available body

surface area of a generally fur-covered animal through which such

absorption might occur and the rate of derma! transfer of soil bound

PCBs are a matter of conjecture. Realizing these uncertainties, the

following scenario was constructed.

It is assumed that a small burrowing rodent such as a 30 g mouse

lives in intimate contact with site soils containing a level of 7,950 mg/kg

PCBs. It is further assumed that the body surface area available for

absorption includes close to the entire body (e.g. for species that dust
2bathe), and that this area is about 36 cm . Due to the animal's grooming

habits, it is assumed that soil contacting the fur of the animal is

inadvertently consumed, and that these residues are considered under the

direct contact/ingestion scenario discussed above. Hawley (1985) assurred

that soil dust would adhere to human skin at a rate of 3.5 mg/cm .

Assuming a similar rate for the mouse, the exposed skin of the animal will

be in continuous contact with 126 mg of soil containing 7,950 mg/kg. As

reviewed In USEPA 600/6-86/002, Development of Advisroy Levels for PCB

cleanup (1987), an absorption fraction of 0.05 might be used for Aroclor

1254. Assuming that the soil residues of PCBs are absorbed at this rate

every 2U hour period of exposure, it can be estimated that the mouse

receives an exposure to soil PCBs at a rate of 1.67 mg/kg/day.
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Wildlife may also be exposed to low level PCBs via drinking the pond

water. The quantitative assessment for ingestion of pond water is

detailed in Section 24.4.2.2, based on a mean PCB concentration of O.OU5

ug/L In pond waters, and assuming a water consumption rate of 10% of

body weight per day for herbivores, and a rate of 30% of body weight for

carnivores (Chew, 1965).

The pond outlet stream provides a mechanism for offsite transport of

PCBs via dissolved and sediment-bound residues. However, insufficient

data on downstream residue levels and potential receptors prevents

exposure and risk estimates. Dilution effects should lessen the

downstream exposures relative to the worst case pond situation.

Burrowing animals such as mice are estimated to ingest 1.5 grams as

food (10% soil, 90% vegetation), based on a consumption of 5% of body

weight. Soils at this site contain an average of 5,000 mg/kg lead, while

lead levels in vegetation are assumed as 1 percent of the soil

concentration, based on the fraction expected to leach from soils for

uptake by site plants. An exposure of 47.5 mg/kg/day of lead is

estimated as a result of daily burrowing and inadvertent ingestion of dust

while grooming. Heavy metals may also bioaccumulate in organisms such as

earthworms which ingest soil while feeding. In particular, cadmium has

been demonstrated to accumulate in earthworms by a factor of 50-fold

over soil concentrations (Ruelle, 1987). This creates the potential for

ingestion exposures in wildlife via contamination of food chains, as well as

the pond. The significance of these exposures is discussed in the

following section.
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24.4.2.2 Quantitative Risk Assessment

The estimates of total PCB intakes of receptors in complete exposure

pathways are summarized below:

Human Risks

Human PCB exposure at the Job Corps site is technically acute in

nature rather than chronic and is much lower than any which would raise

concerns for acute PCB toxicity. For instance, access to the Refuge for

deer hunting is granted on a limited basis, greatly reducing the

probability for repeated, chronic exposures as assumed in the following

worst case estimate. The chronic PCB toxic effect of most concern is

carcinogenicity as evidenced by lifetime dietary studies in rodents. The

risk of excess cancer caused by human direct contact exposures at the

Job Corps site may be estimated by multiplying the average daily intake

of PCBs estimated in Table 24-1 by the PCB unit cancer risk factor (i.e.

potency factor; a dose-response factor derived from a conservative

mathematical extrapolation of the animal cancer data). For PCBs, the unit

cancer risk factor determined by EPA is 7.7 (mg/kg/day)~ (Exhibit A).

Therefore, the cancer risk estimate for humans due to PCB exposure is

7.7 X 1.46 x 1{f" « 1.1 x 10~3.

An additional potentially carcinogenic substance, N-nitrosodi-

methylamine, was also present at this site. However, the quantitative data

for this compound is based only on a single detection in soil during the

Phase I investigation. Current risk assessment methodology suggests that

risks from concurrent exposures to a mixture of carcinogenic substances

can be approximated by addition of the risk estimates of the individual

substances. The exposure assessment determined that, under the assumed

exposure conditions, using twice the level detected at the site,.

N-nitrosodimethylamine residues in the soil might result in a daily intake
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TMLE 24-1 (p. 1)

SECTION 24.4.2: J08 CORPS LANDFILL ft

QUANTITATIVE tISK ASSESSMENT

SPECIES SCOT

ICICNT

kt

ESTIMATED 0AILV PCS INTAKE

Inhalation Rat* (1)--

alr duat vapor PCt

aJ/Hr wj PCI ug PCI ug/kfl

food (2)
Soil Vaaat/ PCI

•raw Intact* Uf/kf

•Pond Uatar (3)*
II tara PC*

ua/kf

-Pond rlafc (4)- -Darwal <»)-
Hah PCI Abaarptlan

tajSko "a/kf PCt

TOTAL

MAN

0«*r
Mallard
Rabbit
Nouaa
Mink

Naron
Ottar

70

60
1
1

0.03
1
3
9

1.3

1.3
-

0.083
0.006*

0.083
0.25
0.75

3.40

413
•o

6.63
0.48
6.63
20
60

0.27

33
"0
'0
33
"0
'0
"0

0.05

7.44
'0

6.63
1.104
6.63
6.63
6.63

0.10

170
5

7.5
0.15
'0
-o
-o

-0 0.093

1530 24.552
45 42.523

67.5 64.991
1.35 43.328
75 5.963
-o -o
-o -o

"0

6
0.1
0.1

0.003
0.3
0.9
2.7

-o

0.270
0.0045

0.0045
0.000135
0.0135
0.0405
0.1215

•o

--o
-
-
75
350
900

-o

.

-o
-
-
15
23
20

-o

-o
•o

0.01

1.67

•o
•o
"0

1.46E-04

24.56
42.52
45.01
U.10
9.M

0.030
0.027

~0 « naflllfllbla contribution
(-> Net appllcabla or Irralavant

(•) Actlv* braathlnf rata uaad for duat axpoaura.

Additional aaat̂ ptlona Hated on Paoa 2.

Raatlna. rata of 0.0015 aJ/hr uaad for vapor aipoaura.



TA1U 2*>1 (p. 2)

(1) nrnAUTicaj exposuic

Inhalatlgn; lassd on 10 ag duet Inhaled per a3 of air, 7.95 ug asan KB*
per ag duet, and 1 hr (aaell aaaaaU) or * hrs (aen and deer) exposure duration
eeeh contact.

Vapor, Inhalation; Exposures for Ban and deer estlaoted based on air aodel by
lh*ang, et.al. (1966); »a« text. Vapor exposures for burrowing anlMlt based on
Mturatlon concantratlon of Art* I or 1254 (vapor pressure • 1.49E-06 pala)
resulting In approx. 1.36 ag PCS/a3 air, specie* breethlng rate, and estfaetod
duration In burrow (16 hra for BDUM).

(2) IMC£STIOH EXPOSURE

Total rood (V*B*tatlon * Soft * Tarrtttrfat aMMtt/lrwactt):
Intaka for Mlldllf* calculatad aa 3X of body walght. axcapt da*r (1.7 ks/day,
Vut«*y and Ulray, 1982), rabbit (75 a/day, Crt«r. and DunaM>r«, 1978). and link
(ISO a/day, SOX aa flah (Towtlll and Tabor, 1962; 6. Sailth, 1988), and SOX as
tarra«tr1al Intacta/anala (Carould, 1988). Olat for Mallard raflaeta
prtfaranca of 7SX tarrtttrlal tn»«ct* and 2SX v*0«tatlon In concfdtratlon of on*
of th« aoat auacaptlblt parloda of thalr Ufa cycla. Mink and a»Uard total food
txpoourat are adjuatad for IMM rang*; tha affactad araa It actlavtad to COB-
pr!a« 10X of the Koav ran0a for th««a apacla*.

Solj/5«dfiaant; lnoa«tlon rat* baaad on a*an Kt concantratlon of 7.9S uo/mg aoll
and Inadvartant eonauaptlon of parttculataa whlla pr««nlng or burrowing
(ulldllfa), or (ngeatad a* • raault of aollad clothing or boota (aan).

Vegetation Concantratlon of PCIa actlaated aa IX of acan aoll concantratlon or

Terrntrlal, Anlaalt KB concantratlon amaiarl to ba 10X of raaldual aoll con*
cantratlon (I. a. 79S a«/kg). (Garould, 1988).

(3) Uatar Intake rataa aaiuaad to b» 10X of body walgtit for harvlboraa, 30X of
body walght for carnivore*, and a a*an pond water concentration of O.MS us/L.

(4) Flah and aquatic foode arc asaivad to contain PCS raalduaa at one half the
analytical detection Halt based on a Halted eurvey of flah rfiich did not ahow
detectable PCS residue* (0.4 aft/kg detection Halt). Nlnfc aary conacaM MX or 75
SVday of their total diet aa flah (Towalll and Tabor, 1982; C. Saith, 1988).
Otter are eatfaated to conauae 900 | flah/day (90X of 1 kg food/dey, ChapMn and
Faldheaajer, 1982); great blue Kerona conauat 3SO g food/day (Kendefgh, 1970;
Kuahnan, 1977) comlatlng aoatly of flah and equetlc oroaniaaa.

(5) DUNAL A1SOVTIOH

D«raal abeorptlon axpoaure would be negligible for transient, large terrectrfal
aaaaala eucti aa huaana or deer. Abaorptlon axpoaure would be negligible for
specie* which bath* frequently In water, or otherwise spend little tla* In
direct contact with soil (e.g. Brink, heron, otter, aallard). Exposure aatiaatea
for rabbit and Bouse are based on approx. body surface area available for con-
stant contact (10 ca2 for rabbit end 3* c«2 for aouse). adhesion of 3.5 ag aoll
per ca£ of body (Hewley, 1965), and SX extent of absorption for Aroclor 1254
(EPVOXD, 1986).



of 5.2 x 10~6 ug/kg/day. USEPA (1987) estimated that a daily intake of

0.0137 ug of this compound may be associated with a risk of excess

cancer of 10~ . Thus, assuming that the 440 ug/kg soil residue of

nitrosamines is representative of the entire site, a cancer risk of 2 x 10~7

may be posed by site exposures to N-nitrosodimethylamine. Adding this

risk to the risk estimated for PCB exposure at the site, a total

carcinogenic risk of 1.1 x 10~ is estimated.

This level of risk is higher than the 10 to 10 population risk

level generally considered by regulatory and public health agencies to

pose minimal excess health concerns on a national basis. This estimate

used very conservative values which are mitigated by several major

factors discussed in Section 24.4.3, Analysis of Uncertainties.

Total human intake of lead was estimated to be 0.088 ug/kg/day for

this scenario. For comparative purposes, the USEPA OHEA (1987) has

determined an acceptable daily intake of lead to be 1.43 ug/kg/day.

Thus, the estimated upper bound lead exposure possible at this site is

well below, the acceptable daily intake level of 1.43 ug/kg/day.

Cadmium is a human carcinogen by the inhalation route and produces

serious harm to the kidney at low levels of chronic ingestion. Its

carcinogenic potency is estimated to be greater than that of PCBs

(Exhibit A). Therefore, chronic exposure to soil residues of cadmium

would be of great concern if it were to be shown that it was present at

consistently high levels at this site.

Wildlife Risks

The mean water concentration of PCB in the pond is below the

criterion of 2 ug/L considered by USEPA AWQC (1980) to protect
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TABLE 24-2 (p. 1)

JOB CORPS LANDFILL ft POND

EXPOSURE ASSESSMENT FO* 50 NG/KG CLEANUP

SPECIES BOOT

•1r dMt vapor PCI
•J/tir ug rCi ug PCt ug/kg

ESTIMATED DAILY

Coll Vegat/ Pa

graa« Inaecta ug/kg

graaM

Pa INTAKE

•jrfwwfl BJA» aha* t\\rOno WatI9r |J/

LI tart Pa

ug/kg

• Aaw4 BlaA fi.%.*POnO PIHI 1%I*
Flak Pa
graaM ug/kg

•IhAanaBfeakl /•!%• TATTaU•VMIMI \*|* lOlMV

Abaorptlon EXPOBURf

ao/kg pa aajAl/day

MAM 70 1.3 0.02 0.27 0.0042 0.10 0.001 4.77E-0*

Deer

Mallard

Rabbit

Mouta

Mink

Heron

Otter

60
1

1

0.03

1

3
V

1.3
-

0.083

0.006*

0.083

0.25

0.75

3
"0

0.04

0.003

0.04

0.13

0.38

33
-o
-o

7.20
-o
-o
-o

0.593
'0

0.04
240

0

0.042

0.04

170

5
7.5
0.15

-o
•o
"0

1530
45

67.5
1.35
75
"0
•o

154
267
409
273
J7.5
"0
'0

6
0.1
0.1

0.003

0.3

0.9
2.7

-

"0
-

-

75
350
900

--o
-
-
15
23
20

•o
'0

0.0001

0.011

-o
•o
"0

0.15S
0.267
0.409

0.523
0.053
0.023
0.020

"0 » negllflbla contribution
'(-) Not applicable or Irrelevant
(*) Active breathing rat* uaed for dutt expoeure.
Additional aaauaptlona (notes) Hated on Paga 2.

Retting rate of 0.0015 «3/hr uaed for vapor expoaure.



TAiU 24-2 (p. 2)

(1) imUTIW EXPOSURE

Putt Inhalation; taaad on 10 ng duat Inhalad par *3 of air, 0.09 ug a»«n Kit
par «e duat, and 1 hr (u»ll MOB«II) or 4 hr» (MA and da«r) axpoaura duration
aacfc contact.

Vaccr Inhalation; Expoaura* for ian and dt«r aatlMtad baMd on air aedat by
Hwang, tt.al. (1984); taa taxt. Vapor axpo«ura» for burrowing anlMla baaad on
atatMton ratt of 0.61 ug/«3 at 1 M Aroclor 1234/kg and 10 aph wind, cor r act ad
for 50 BQ/kg Man concentration and (on atr tumovar within burrow spaca (t aph
M(nd), for a andlfiad eafiafon rata of 309 ug/a3. EatfMtad duration In burrow
16 hr* (for burrowing rodant).

(2) HKXrUCK EXPOSURC

Total rood (Vaoatatlon » Soil » Tarraatrlal awwalt/lnaacta):
Intikw for Mlldllfa calculatad aa 51 of body wafght, axcapt da«r (1.7 kt/day.
Vuta«y and Ulray, 1962), rabbit (79 g/day, Cra«n and OunaMra, 1978), and link
(150 g/day, 501 aa flah (ToualU and Tabor, 1962; C. Sarith, 19SB), and SOX aa
tarraatrlal InMCti/aMnala (Garould, 1988). Dlat for Mllard raflacta
prafaranc* of 79X tarrastrlal Inaacta and 251 v*g*tat!on In conaldaratlon of ona
of tha aoat wactptlbla parloda of thalr Ufa cycla. Ntnt and Mllard total food
axpo*urtt ara adjuttad for hoaa ranga; th« affactad araa Ik aatfaatad to com-
pr(w 10X of tha how rang* for thasa tpaclai.

So<I/Sadtmant; Ingattion rata basad on a»an PCS concantratlon of 0.09 ug/a« aoll
and Inadvartant conauaptfon of partlculatat whlla pruning or burrowing
(Mlldllfa), or Ingattad a* a rttult of »ollad clothing or boots («an).

Vaqatatlen Concantratlon of PCSa aatlaatad aa 1X of Man aoll concantratlon or
0.5 a«/kg.

Tarr»trlal Inaeetj PCI concantratlon assuaad to ba 10X of raaldual aoll con-
cant rat ion (I.a. 5 ag/kg). (Carould, 1988)

(3) laaldual KS lavvla In th« pond wtar Mould ba non-datactabla following
raavjdlatlon. Qua to tha lack of a wMta aourca, thU pathway la tachnically
Incoaplata.

(4) Ffah and aquatic fooda ara auoMd to contain *CS rMlduaa at ona half tha
analytical datactton ll*1t baaad on a llMltad aurvvy of flah which did not ahow
datactabla PCS raalduaa (0.4 ag/kg datactlon Unit). Mink a»y conav*a 50t or 75
g/day of thalr tatal dlat aa flah (Towalll and Tabor, 1982; C. Sailth, 1988).
Ottar art aatfMtad to concua* 900 g flah/day (90S of 1 kg food/day, Chapman and
Faldhaawr, 1982); great blua harona conauM 350 g food/day (Candalgh, 197D;
Cuahnan, 1977) cenalatlng anatly of flah and aquatic organlaM.

(5) DCXNU. AMOMTtOM

Oanaal absorption axpoaura Mould ba nagllglbla for tranalant. larga tarraatrlal
MMMjla auch aa hviaana or da«r. Abaorptlon axpoaura Mould ba nagllglbla for
apaclaa which bat ha fraquantly In watar, or othamlaa tpand Uttla t<M In
dlract contact with toil (a.g. Mink, haron, ottar, Mllard). Expoaura aatlMtaa
for rabbit and aouaa ara baaad on approx. body aurfaca ar«a availabla for con-
atant contact (10 cmZ for rabbit and 36 o2 for aouaa). adhaalon of 3.5 «g aall
par caa2 of body (Mawlay, 1985), and 51 axtant of absorption for Aroclor 1254
(EPA/ORO, 1986).



freshwater aquatic species from acute toxicity. although high PCB levels

in the sediments may pose an undefined acute toxicity risk to benthic

organisms. However, the ambient water quality criteria for chronic effects

in freshwater aquatic organisms (0.014 ug/L) is exceeded by at least

three-fold In the Job Corps Pond. While a qualitative examination of the

pond showed no gross evidence of ecosystem impairment, it is possible

that sensitive elements of the pond community are being affected by

chronic PCB exposure.

Exposures to PCBs for several typical terrestrial wildlife species

were evaluated for the site. For comparative purposes, a 1.0 kg adult

female mink consuming 150 g daily of a 2 mg/kg PCB diet receives a daily

intake of 300 ug/kg/day *hich is a chronic effect level for this species.

The mink, however, may be unusually sensitive to PCB effects relative to

other mammals. *

The most obviously a^'tted species may be fish-eating mammals

(mink, otter, raccoon) and birds (herons, merganser ducks, osprey),

even though a limited survey of Job Corps pond fish did not detect

PCBs. If these species showed the same sensitivity to PCBs as shown by

mink and chickens in laboratory studies, reproductive failure and possibly

overt lethality may occur at this site. The estimated whole fish PCB

concentration of 12.5 mg/kg could potentially exceed the chronic dietary

levels (2-5 mg/kg) producing lethality and reproductive failure in mink, a

piscivorous mammal (USEPA AWQC, 1980). Even using less conservative

estimates for BCF and water PCB concentrations, sensitive piscivorous

mammals such as mink may be at risk from pond PCB contaminants,

provided they accumulated to the levels estimated based on their physical

properties.
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Fish-eating birds such as herons and certain ducks may also be at

tafii, risk but Insufficient data exist to estimate degree of risk. Of particular

concern is the location of two active bald eagle (an endangered

, piscivorous species) nests on the Refuge, since fish from the site pond

might be a source of prey (Ruelle, 1987). Domestic chickens given 20

mg/kg dietary PCB displayed a broad spectrum of reproductive and

teratogenic effects (Exhibit A). A quantitative assessment of exposures

to bald eagle due to ingestion of PCB residues in fish is presented in

Section 38.4, Wildlife Assessment for Crab Orchard Lake. No PCBs were

detected in fish sampled at the Job Corps Pond, and, due to the large

foraging range of these species, exposures to bald eagles at this would

not be expected to be significant. For other species such as deer and

duck, incidental, short term exposure to pond sediments while browsing

or searching for food are relatively low based on the site conditions and

habitat (see Table 24-1).

USEPA ECAO-CIN-414 (1987) determined that a daily exposure of

rats to 1 mg/kg/day of Aroclor 1254 constituted a subchronic no adverse

effect level in that species, compared to the site ingestion exposure

estimate for mice of 46 mg/kg/day. Rabbits are estimated to receive total

exposures on the order of 65 mg/kg/day at this site. Thus, small

herbivorous mammals such as mice and rabbits are likely to be at risk

from site PCB residues.

An alternate assessment of wildlife risks from exposure to PCBs was

developed independently by the U.S. Fish and Wildlife Service, which is

presented In its entirety in Exhibit D. Using a three-phase fugacity

mode! and dietary/dtrmal exposure assumptions, total daily PCB exposure

was estimated for a burrowing animal such as a pocket gopher. As
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developed, approximately 90 percent of the total exposure is determined

v«,,,. bY inhalation of PCBs in the animal's burrow. The air concentration is

related to soil PCB concentration using a partitioning mode I. based on the

estimated fugacities of PCBs In air, soil, and water, as developed by

Mackay and colleagues (Mackay, 1985).

It is assumed that the exposed animal spends all of its time in a

sealed burrow, actively burrowing 9 hours per day and resting 15 hours

per day. It is assumed that the PCB concentrations in air, soil, and

water are in thermodynamic equilibrium at all times. Soil concentrations

were back-calculated to represent concentrations which would result in

exposures comparable to food consumption rates employed in laboratory

tests for wild and domestic rodent species, which were associated with

biological and toxicological effects. Two examples are presented:

1) 0.7 mg/kg soil PCBs would result in exposures comparable to
''*.*•

the dietary PCB exposures in an experiment which was found to

"... increase the liver weights in F1 male weanling rats..." and

to "... decrease the circulating levels of adrenal cortex hor-

mone B...".

2) 7 mg/kg to 14 mg/kg soil PCBs would result in exposures

comparable to the dietary PCB exposures in an experiment

which was found to "... decrease the weight of reproductive

organs, growth rates, and reproductive success of second

generation white-footed mice...".

A soil sample analyzed in the Phase I survey of the Job Corps site

showed a trace level (0.22 mg/kg wet weight) of N-nitrosodlmethylamine.

In order to provide a conservative estimate of the potential effects from
"».„„,..'•'
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this contaminant, and due to deficiencies noted In the analytical result for

this solf sample, the quantitative evaluation for humans as well as for

wildlife ' Is * based on twice the detected level or 440 ug

,' N-nltrosodimethylamine per kg of exposed soil. Because of the Intimate
X

contact which small burrowing mammals may have with soil, the risks of

direct contact of wildlife to these residue levels are assessed below, based

on available Information on the effects of nltrosoamlnes summarized in the

risk assessment for Site 19 (see Section 26.4).

Using the assumptions given above for exposures of burrowing mice

(30 g body weight) to site PCB and lead residues, exposure to soil

residues and vegetation (assumed to contain 1% of the soil concentration)

of 0.44 mg/kg N-nltrosodimethylamine will produce a daily intake of 4.2 x

10 mg/kg/day by the ingestion route. Vapor inhalation would not be

expected to be significant at the low microgram level of contaminant

observed. Inhalation of contaminated dusts (e.g. during burrowing) are

estimated at 8.8 x 10 mg/kg/day. Using the unit risk factor of 26

(mg/kg/day)"1 derived In USEPA ECAO (1986—) based on rat studies,

and assuming a similar sensitivity for wild rodent species, a cancer risk

estimate of 1 x 10" is derived for the total potential exposure received

by burrowing rodents at this site. As discussed in Section 26.4, the

significance of this risk level is uncertain. The effects of cancer,

generally Incurred later In an exposed organism's lifetime, may be very

small when considered in light of other factors influencing whether a

wildlife population can maintain itself (I.e. survival to reproductive age,

competition, weather, disease, predation, etc). On this basis, Newell et

al. (1987) chose a risk level of 10~ as a level of acceptable carcinogenic

risk for wildlife, with the acknowledgement that more study is needed to
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justify this choice. Using this rationale. It is concluded that wildlife

exposure to site residues of N-nltrosodlmethylamlne could result in a

carcinogenic response, but the biological significance of the response

cannot be assessed with currently available information.

Additional studies were reviewed to further evaluate wildlife expo-

sures to N-nltrosodlmethylamine at this site. USEPA ECAO (1986—) used

a reproductive effects study in adult female mice to establish a lowest

observed effect level (LOEL) of 0.019 mg/kg/day for

N-nitrosodimethylamlne. The estimated daily exposure rate of 0.0042

mg/kg/day at this site is below this LOEL. Thus assuming exposed spe-

cies are of equivalent sensitivity to N-nitrosodimethylamine as laboratory

mouse strains, the estimated exposure rates are below a level which may

elicit a toxic response under subchronic conditions.

As estimated in the previous section, burrowing mammals and other

site wildlife may be endangered by chronic exposure to site lead levels of

47.5 mg/kg/day. The effects of these lead residues on wildlife species

are largely undocumented, but using the human criterion for acceptable

intake levels, wildlife ingestion of even a small fraction of this value may

produce reproductive impairment and possibly other subtle effects which

might decrease survival of wild populations. A similar argument may hold

for aquatic organisms and piscivorous species exposed to lead via aquatic

foodchains, although insufficient data exists to assess an expo-

sure/response relationship.

Cadmium Is also potentially toxic to fish and wildlife, and can

biomagnify to potentially toxic levels in soil-ingestion foodchain animals

such as earthworms. Small predaceous birds and mammals would be at

particular risk if cadmium was consistently elevated at this site.
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24.q.3 Analysis of Uncertainties

As discussed in Section 6.5, most approaches to quantitative risk

assessment are inherently conservative in order to be most protective of

public and environmental health in the face of numerous scientific uncer-

tainties and insufficiencies in case-specific data. At the Job Corps

landfill site, worst case estimates indicated that risks to environmental

populations may be posed by PCBs and nitrosoamines residues at the site,

particularly by inhalation and ingestion of dust-borne residues. Several

areas of uncertainty exist, however, which may serve to mitigate the

quantitative degree of risk. First, the level of contaminants in fish

consumed by wildlife were estimated using reasonable worst case as-

sumptions on bioconcentration potential. The estimates of exposure to

wildlife due to ingestion of fish were based on an average potential

bioconcentration factor, although a limited survey of pond fish did not

show detectable PCB levels. The fish data were used only qualitatively to

support the conservative nature of the wildlife assessment, since only two

samples were collected following the Phase II sampling effort.

The worst case human cancer risk assessment for PCBs and for

chronic toxicity from lead was conducted using an assumption of lifetime

visits (i.e. for hunting), a highly improbable event. It is not likely that

the same individual will continue to hunt on this site annually, three

times each year over an entire 70-year lifetime. The assessment devel-

oped for N-nitrosodimethylamine was based on doubling the result from a

single soil sample analyzed in the Phase I survey, although the purpose

of that survey was to screen the site and not to support a quantitative

assessment. Thus, the limited analytical data for nitrosoamines do not

provide for a confident estimate of the risks associated with nitrosamines



exposure. Furthermore, the quantitative assessment model that was used

assumes that there Is no exposure level for PCBs which does not pose a

risk from cancer. However, there is accumulating evidence that PCBs

may induce cancer in animal tests through a threshold mechanism, such as

promotion of pre-existing lesions (Williams and Weisburger, 1986). Thus,

It is possible that low exposures to PCBs may not present concerns for

carcinogenic effects.

Finally, the size of the potentially exposed human population is at

best very small and it is unlikely that an increased occurrence of cancer

at even a 10 risk level could be detected above background levels of

disease, since the probability that even one individual would meet the

worst case exposure criterion is almost nonexistent. Assessment of human

and wildlife risks from lead exposure is limited by lack of knowledge of

the types of insoluble lead salts (i.e. sulfate, oxides) likely to be present

at the site. It has been speculated that the geese found in 1985 at this

site (See Section 21.1) may have dfed as a consequence of contaminants

encountered here. However, given the limited data base, it is not appro-

priate to implicate site contamination as the reason for geese kills at the

site, since no PCBs or other organic were detected in the carcasses and

metals were not analyzed. It is of interest to note that some of the

better documented cases of wildlife lead toxicity concern waterfowl (Ex-

hibit A) presumably due to ingestion of lead shot while feeding in aquatic

environments subject to hunting.

21.5 Preliminary Remedial Alternatives

On the basis of the above assessment, it was determined that the

levels of contaminants present pose risk levels to exposed human and
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wildlife receptors. The major contaminants of concern in soils, sediments

and waters were identified to be cadmium, lead and PCBs. The explosive

residue nitrobenzene was also detected In both ground water and surface

water at levels below the AWQC. The contaminants in soils were found to

be associated with only the top 0-1 ft. of soil in the landfill, while sub-

surface soils (between 1 and 3 ft. depth) did not contain detectable

concentrations of contaminants with the exception of one core which

showed 11.6 mg/kg PCBs and 219 mg/kg lead. Contamination in sedi-

ments was detected in the surface samples (109.6 mg/kg wet wt PCBs to 1

ft depth), but no subsurface sediments were collected to verify the levels

in subsurface sediments. Fish samples from the pond showed lead levels

up to 6.9 mg/kg (bluegill only), but PCBs were undetected (0.4 mg/kg

detection level) and only traces of cadmium and mercury were found.

In its current condition, the Job Corps Site should not be used for

any activities which would increase the potential for human and/or wildlife

exposure via the water or direct contact with soils/sediments. Future

uses of the site might be considered, subject to additional testing to

assure the site does not constitute a risk to potential human or wildlife

receptors.

Risk levels from site contaminants may be reduced to a range of 10

to 10 , generally considered acceptable by regulatory and health

agencies, by implementation of appropriate remedial actions. In Section

2*1.1.2.2, it was estimated that PCB soil concentrations of 7950 mg/kg

presented an excess cancer risk of 1.1 x 10 for the assumed scenarios

of exposure. Using similar assumptions, the risks to humans would be

^reduced to an acceptable range of 10 to 10 by precluding exposure to

soils containing PCB concentrations greater than 7 to 70 mg/kg. Section
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21.1.2.2 also indicates that the most sensitive wildlife species, mink,

shows reproductive lowest observed effects with chronic exposure to PCBs

at 640 ug/kg/day (Newell, 1987). The 7 to 70 mg/kg level of remediation

of exposed surface soils is 11 to 1.4 fold lower than the no observed

effect level for protection of the most sensitive wildlife species. Exposure

estimates under an example cleanup scenario of 50 mg/kg PCBs in soil are

presented in Table 24-2. The assumptions used in calculating such

exposures are similar to those used in the site risk assessment (Section

24.4).

In general, the objectives of the remedial program to be developed in

the FS will be to render incomplete all possible transport routes between

contaminant sources of concern and potential receptors, including the

routes of direct contact (absorption, ingestion), surface water transport,

and inhalation of contaminc -i dusts or vapors. With respect to contam-

inated transport pathways such as drainage ditches (as opposed to con-

tamination sources) identified as a concern, such remedial measures as

surface excavation, capping, regrading, revegetating, and surface water

diversion will be emphasized in the FS.

Table 2 of the Executive Summary section summarizes the remedial

responses which are likely to be the focus of the FS investigation. Some

of the potentially applicable remedial measures for this site are discussed

below.

Limited Site Access

One of the immediate measures to be taken at Job Corps may be to

limit human and wildlife exposure to the site. Fencing and closing the

area to all but Refuge Personnel, and maintaining a thick vegetative



cover, may be appropriate until further remedial action can be com-

menced. Deed restrictions might be imposed to limit future uses of the

area.

Surface Water Controj

The purpose of surface water control would be to prevent run-on

and run-off within the landfill, to preserve the vegetative cover, and

prevent transport of contaminated soil to the pond and eventually to Crab

Orchard Lake.

Off-Site Removal or On-Site Containment of Soil and Sediment

Contaminated surface soil and sediments (up to 1-1.5 ft depth) might

be excavated and removed for treatment off-site or regraded and con-

tained on-site. Clean soil will be used for fill and capping any areas

requiring excavation. Alternatives for containment of wastes might in-

clude removal to a secure landfill or secure storage such as in the

Munitions Bunkers In Area 13. An estimated 700 CY of soil from the

landfill area may require removal or containment based on the sampling

results from the Rl. The areal extent of contamination at the landfill

may extend north and east beyond the area sampled an additional 25-50

ft. on either side; if this is confirmed by pre-remediation sampling, the

total volume of soil for removal could be greater than 700 CY.

The sediments from the shallow areas of the pond adjacent to the

landfill contained PCBs, cadmium and lead concentrations which exceeded

the levels detected at the control sites. These sediments pose a concern

in that contaminants can slowly leach or suspend with sediments in the

water and increase the probability of exposure to wildlife and humans or



could be transported off-site. Based on the sampling program, the extent

of sediment contamination in the pond is estimated to Include an area

extending 25 ft. from the shoreline surrounding the landfllfrup to a depth

of 2 ft. However, this extension might be better defined prior to actual

cleanup. Based on the R! data, an estimated 560-600 CY of sediment may

require removal. The sediment samples collected from the deep (middle)

portion of the pond did not contain elevated levels of contaminants.

The required depth and area! distribution of contaminated sediments

and soil requiring cleanup might be further defined through additional

sampling. The required sampling efforts might be incorporated in the field

efforts proposed for the FS.

Monitoring

The remedial response alternative to be implemented at this site

might include periodic sampling and analyses of the four monitoring wells

and of the pond water and sediment for cadmium, lead, and PCBs.

Foilow-up studies might begin immediately after remediation and continue

periodically to verify the adequacy of the cleanup.

Conclusions and Recommendations

It can be concluded that the Job Corps Landfill is impacted, with the

primary pollutants being PCBs and lead. Based on a quantitative risk assess-

ment, it was found that, since human exposure is limited, due to the location

of the site, concerns for protection of wildlife would be the focus of the

remediation effort.



SECTION 25 - SITE 18. AREA 13 LOADING PLATFORM

25.1 Site Description

Area 13 of the Refuge consists of approximately 85 bunkers that were

originally built for storage of 500 Ib. bombs. Most of the bunkers are

currently used by Olin Corp. and U.S. Powder to store explosives.

Agricultural fields are cultivated between the bunkers. This area was served

by a rail spur which was abandoned and dismantled. It was reported to the

Refuge Manager that chemicals used in munitions manufacturing were dumped

off the platform.

Site 18 consists of the Area 13 loading platform, a concrete pad 235 feet

long by 10 feet wide elevated by about five feet. (See Figure 25-1). The

dock is supported on concrete posts spaced about 9 feet apart. The northwest

side of the platform contains stone bedding (probably from the old railroad

,-' bed) with a number of small areas of ponded water. No unusual vegetation

changes were detected. The only curious item was a pile of dirt and stone

rubble off the west end of the dock with a rusted drum shell nearby.

2 5 . 2 Site Investigations

25.2.1 Phase I Site Investigations:

Four composite soil samples (0-1 ft depth) were collected around the

perimeter of the dock. Samples were collected from each of the two sides

of the dock and from each end. The composites along the north and

south consisted of 20 grabs, while the east and west composites consisted

of 2 grabs each. Location 18-4, at the west end of the dock, was

resampled for full priority pollutant analysis because Ut contained the

highest FID scan reading at Site 18.
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25.2.2 Phase II Site Investigations:

No sampling was conducted in the Phase II investigation.

«!»'''

25.3 Analytical Results (See Appendix I, Page 18)

Trace quantities of the explosive tetryl were observed In two soil samples

(1.90 mg/kg in each) from the north and east sides of the platform. Metals,

volatiles and indicator parameter concentrations were similar to concentrations

found in soils from the control sites. Two exceptions were noted: magnesium,

91,100 mg/kg in sample 18-4 and sodium, 2,330 mg/kg in sample 18-1, although

these are estimated values only. CLP HSL organics analyses on sample 18-1

showed the presence of 4,050 ug/kg wet weight di-n-octyl phthalate. Several

other semi-volatile organics were also detected at concentrations less than 300

ug/kg. Acetone and methylene chloride were detected, due to contaminants in

the laboratory QA/QC blank. The volatile and semi-volatile organics data for

. , Phase I are questionable due to QA/CC deficiencies or unreliable support data
*l UK''

(see Exhibit B). The positive detections reported are thus estimated values

and some compounds which were not detected may in fact be present.

25 .4 Environmental Effects

25.4.1 Qualitative Assessment

This site was chosen for investigation based on its history of use as

a loading dock for chemicals and explosives used in munitions

manufacturing. It has also been reported that chemicals have been

dumped on the site. The use of nearby areas as agricultural fields also

warrants the need for an accurate site characterization.

Phase I analyses detected traces of the explosive tetryl. All other

<„ parameters were similar to the concentrations found in soils from the
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control sites with the exception of magnesium and sodium in two different

samples. However, at these concentrations, these metals will not threaten

wildlife or affect human health. Di-n-octyl phthalate was also found in one

sample, but it too was at a concentration below the Refuge background

level.

Because there is no established waste source at this location, it is

not possible to have a "complete" exposure scenario. Therefore, on the

basis of the information generated, it can be concluded that the site does

not represent a risk of chemical exposure to potential human or wildlife

receptors.

25.1.2 Quantitative Assessment

Because a complete exposure scenario could not be identified in the

qualitative assessment, there is no basis for preparing a quantitative risk

evaluation.

25.f t .3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

site inspection and a sample analysis. The only unusual observation was a

rusted drum shell located on a pile of dirt and stone rubble, indicating

that some supplies may have been dumped when the loading platform was

in use.

Chemical residue information consisted of analytical results for

surface soil samples. This information was obtained only for the top one

foot of soil; deeper soil borings were not conducted. Since there is no

evidence to suggest that the surrounding soil has been disturbed, and

the loading and unloading activities practiced at the site would likely
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contribute only to surface contamination, these samples should adequately

represent the site conditions.

It can be concluded that the data generated are adequate for

. evaluation of the remedial alternatives for this site. The analyses indicate

that the site does not contain contaminants at levels that would be

detrimental to human health or to the environment.

25.5 Preliminary Remedial Alternatives

Preliminary Phase I screening results discussed in the previous section

indicated that this site does not contain contaminant levels that would result in

a negative environmental impact. Therefore this site was not included in the

Phase II investigations. There will be no further evaluation of remedial

alternatives, and this site will not be included in the FS.

25.6 Conclusions and Recommendations

It can be concluded that the Area 13 Loading Platform does not represent

a chemical exposure risk to hjman or wildlife receptors at the Refuge or at

other locations. No further evaluation is recommended for this site.



SECTION 26 - SITE 19, AREA 13 BUNKER 1-3

,,('•mill it"

26 J Site Description

* Further information on Area 13 can be found In Section 25.1. It has
t~

been reported that chemicals may have been released near Site 19, Bunker No.

1-3, probably in the adjacent field. There is no observable impact on

vegetation in the field except for one area of discolored vegetation.

Wildspread presence of scattered red bricks suggests dumping has occurred at

the site. An L-shaped area of brown vegetation was noted to the west side of

one of the bunkers.

26.2 Site Inv estigations

26.2.1 Phase 1 Site Investigations:

Four composite soil samples (0-1 ft depth) were collected, one from

•"""'' each side of the bunker at distances up to about 125 feet. (See Figure

26-1). An additional composite soil sample was taken from the brown

vegetation area.

26 .2 .2 Phase II Site Investigations:

One Phase I soil location (0-1 ft depth) was resampled for mercury

analysis.

26.3 Analytical Results (See Appendix I, Page 19)

26.3.1 Phase I Analytical

The FID scans showed low organic levels, on the order of 286-1,901

ug/kg, in the soils. The volatile and semi-volatile organics data for

Phase I are questionable due to QA/QC deficiencies or unreliable support
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data (see Exhibit B). The positive detections reported are thus estimated

values and some compounds which were not detected may in fact be

. present. The sample analyzed for full organics contained, on a wet

weight basis, PCBs (1.1 mg/kg) and N-nitrosodimethylamine (1.455

ug/kg). The sample collected from the area of brown vegetation (location

19-5) contained 0.90 mg/kg of the explosive tetryl. Mercury was

detected in one sample (19-1). from the front of the bunker, at 3 ug/kg,

but this analysis was repeated in Phase II due to poor calibration data.

All concentrations for metals in soils were similar to those detected at the

control sites.

26 .3 .2 Phase II Analytical Results:

The mercury concentration in the second sampling of location 19-<4

was 28 ug/kg, slightly above the detection limit of 20 ug/kg.

26. U Environmental Effects

26.1.1 Qualitative Assessment

This site was chosen for investigation based on reports that

chemicals had been poured onto the ground in an adjacent field. This

dumping may have contaminated the surrounding area, as evidenced by a

patch of discolored vegetation and an L-shaped area of brown vegetation.

Phase I analyses detected traces of the explosive tetryl and

N-nitrosodimethylamine. N-nitrosodimethylamine has been shown to be

carcinogenic in a number tests and is considered a suspect human

carcinogen on this basis. The concentration of this compound at this site

is higher than detected anywhere else on the Refuge.

N-nitrosodimethylamine will be the focus of the risk assessment. The
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Phase II mercury concentration was slightly above the detection limit but

is within the level typically found in soil matrices and is not considered
-•*••

• to pose a threat to wildlife or to human health.

?6.1.2 Quantitative Assessment

The preliminary data from the Phase I survey indicate that

N-nitrosodimethylamine is the contaminant of primary concern at this site,

with 1,455 ug/kg detected in a site soil sample. Due to analytical

deficiencies noted in the Phase I result for the single soil analyzed for

this compound, and in order to ensure a conservative outcome from the

analysis, the assessment below is based on twice the concentration

detected, or 2,910 ug/kg. Because this compound has been shown to be

carcinogenic to animals, a preliminary quantitative risk assessment will be

performed, even though the data available are too limited to place a great

''""""" deal of confidence in the result. Additional areas of uncertainty in the

risk assessment are discussed in Section 26 .4 .3 , Analysis of

Uncertainties.

It is assumed that, during an excursion through this site, a human

visitor to the site may ingest an average of TOO mg of site soil containing

2,910 ug/kg of N-nitrosodimethylamine as a result of direct contact

exposure. This contact would result in an average exposure of 0.291 ug

of N-nitrosodimethylamine per visit. Given the remoteness of the site and

the absence of daily activities by humans in the area (the general area of

the bunker sites is restricted by a locked fence to all but authorized

personnel), visits to the site by humans do not occur on a daily basis.

As a reasonable upper case exposure estimate, it is assumed that a

Refuge employee visits the site once per month over a 30-year period, or

360 exposure days. U.S. EPA (1987) has estimated that a daily intake of
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0.0137 ug of this compound each day for lifetime may be associated with

an upper bound acceptable carcinogenic risk level of 10 . Utilizing the

estimated intake of 0.291 ug/vlsit, an exposure of 0.004 ug/day is

-obtained when normalized over a 70 year lifetime. The estimated

Incremental cancer risk associated with this exposure level is 2.9 x 10~6.

This estimate, developed under a set of reasonable worst case exposure
_n _7

assumptions, is within the range of 10 to 10 risk considered

acceptable to regulatory agencies for exposed populations.

The detection of N-nitrosodimethylamine in a soil sample analyzed in

the Phase I survey of this site also presents a mechanism for exposure

for terrestrial wildlife via the direct contact route. The levels of exposure

would be greatest amongst small mammals as a result of inadvertent

ingestion of contaminated soil residues and dust during daily burrowing,

feeding and grooming. Thus, the risks of direct contact of these species

to site nitrosamines residues are assessed. The risks to larger and lor

less sensitive species, or to those which have less contact with soil

residues would be proportionately lower. A search of on-line data bases

(Pollution Abstracts, Biosis Previews, NTIS, HSDB) did not identify

published studies on the effects of N-nitrosodimethylamine on pertinent

wildlife species. Therefore, tests with surrogate species (i.e. laboratory

rodents) are used in the assessment below.

Using the exposure assumptions detailed in Section 24.4.2 .2 for

exposures of burrowing mice, exposure to soil residues of 2.91 mg/kg

N-nitrosodimethylamine will produce a daily intake of 2.76 x 10

mg/kg/day by the ingestion and inhalation routes. The most widely

reported effect of chronic exposure of laboratory rats and mice to

N-nitrosodimethylamine is the induction of hepatocellular carcinoma in a
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number of Investigations (HSDB, 1987). Using these data, U.S. EPA

(1986) derived a unit risk factor of 26 (mg/kg/day)"1. This value is an

upper bound estimate of the slope of the tumor-exposure relationship,

chosen as a conservative estimate of human response to carcinogen

exposure at low concentrations. Assuming a similar sensitivity for wild

rodent species, a cancer risk estimate of 0.72 Is derived for burrowing

rodents at this site. The significance of this risk level is uncertain. As

discussed by Newell et al.(1987), concerns regarding the effects of

cancer on wild populations are largely unknown, and risk levels of

concern to humans are not directly transferable to wildlife. Many other

factors come into play when addressing whether a wildlife population can

maintain itself (i.e. survival to reproductive age, competition, weather,

disease, predation, etc), and the effect of cancer, generally forming later

in an exposed organism's lifetime, might thus be very small. On this

basis, Newell et al. (1987) chose a risk level of 10~ as a level of

acceptable carcinogenic risk for wildlife, with the acknowledgement that

more study is needed to justify this choice. Using this rationale, it is

concluded that wildlife exposure to site residues of N-nitrosodimethylamine

could result in a carcinogenic response, but the biological significance of

the response cannot be assessed with currently available information.

Additional review of the literature on the effects of

N-nitrosodimethylamine to wildlife is presented in USEPA's study on the

Environmental Effects Profile on Nitrosamines (1986--). The authors used

a reproductive effects study in mice to establish a minimum effective dose

for N-nitrosodimethylamine. In this study, female mice were exposed to

0.1 mg/L of N-nitrosodimethylamine in drinking water for 75 days prior to

mating, through pregnancy and weanlny. Such exposure resulted in
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significantly elevated fetal mortality In the treated group. Since mice

consume approximately 5.7 ml of water per day, and the adult mouse body

weight is approximately 30 g, an approximate exposure rate of 0.019

mg/kg/day is obtained as a lowest observed effect level (LOEL). The

estimated daily exposure rate of 0.0276 mg/kg/day using twice the residue

level detected at this site is roughly equal to this LOEL. Thus, assuming

exposed species are of equivalent sensitivity to N-nitrosodimethylamine as

laboratory mouse strains, and that the presence of this compound is

widespread through the site at twice the level quantified in the survey,

the estimated exposure rates may elicit a toxic response under subchronic

conditions.

26.4.3 Analysis of Uncertainties

The information relied upon for evaluating this location consisted of

a site inspection and sample analyses. The inspection of the site revealed

one area of discolored vegetation and some evidence of dumping.

Chemical residue information consisted of analytical results on surface soil

samples. This information was obtained only for the top one foot of soil,

whereas deeper soil borings were not conducted. Since there is no

evidence to suggest that the surrounding soil has been disturbed, and

the storage activities at this site would most likely not contribute to

subsurface contamination, these samples should adequately represent the

conditions of the site.

The quantitative risk assessment was performed under a worst case

chronic exposure scenario of repeated monthly exposures and considered

only the single data point available for a soil sample in which

N-nitrosodimethylamine was detected in the Phase I survey. This result is
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only qualitatively reliable due to Insufficient QA/QC supporting the

analysis. In addition, the residue concentration detected was doubled In

the risk calculation to provide a more conservative outcome. This worst

case approach resulted In a risk estimate on the lower end of the 10 to

10" level generally considered as an acceptable range of risk to humans.

The exposure level estimated for Inherent populations of small burrowing

mammals could measurably affect reproduction of such species if these

were to meet the set of worst case assumptions used in the assessment..

However, the actual level of risk posed by site-related contaminant

exposure cannot be stated with confidence without a more thorough

sampling of the site.

26.5 Preliminary Remedial Alternatives

The .. ; , _ a i results and the evaluation of environmental effects for this

site indicated that N-nitrosodimethylamine residue levels in soil may pose

unacceptable exposure levels to small wild rodent species. The risks to

potential human receptors were determined to be on the order of 10~ , which

is a level generally considered acceptable. Due to previous activities in this

area, including use of the bunker sites for storage of munitions, explosives,

and other wartime supplies, the nitrosamines residues in a soil sample from

this site may be the result of degradation of chemicals previously stored in

this area. No further evaluation of remedial alternatives will be conducted for

this site; however, it is recommended that the Refuge Management initiate

additional Investigations in this area to determine if further action will be

necessary to protect potentially exposed wildlife.
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26.6 Conclusions and Recommendations

It can be concluded that the Area 13 Bunker 1-3 site does not represent

"""' a risk of exposure to human health, but may be affecting resident wildlife due

to the presence of low level N-nltrosodimethylamine residues In soil. It is

recommended that additional investigations be initiated to further evaluate the

potential risks associated with residues at this site. This site will not be

evaluated further as part of this RI/FS.
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SECTION 27 - SITE 20, D AREA SOUTH DRAINAGE CHANNEL

27 J Site Description

Area D is an active Olin operation located north of Crab Orchard Lake.

This area is currently used for the manufacture of explosives. The site was

previously used by Universal Match under contract to the DOD. Their

operations ceased after a large explosion, according to the Refuge Manager.

An abandoned building is located within the fenced southeastern end of

the Olin D Complex. It was reported that chemicals were dumped here. Site

20 consists of a drainage swale originating at the building that runs east

outside of the fence. {See Figure 27-1). A four-inch pipe (dripping at the

time of the site inspection) extends from the Olin Area under the fence and

discharges to this ditch. A slight sheen was noticeable on the surface water

in pooled areas of the ditch.

27 .2 Site Investigations

27.2.1 Phase I Site Investigations;

One sediment composite of four grab samples (0-1 ft depth) was

collected. The sediment was resampled for full organics analysis. One

water sample was scheduled but could not be collected because the ditch

was dry.

27.2.2 Phase II Site Investigations:

Cyanide and mercury analyses were scheduled for one water sample

from the ditch; however, the ditch was dry at the time of sampling and

the sample could not be collected.
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27.3 Analytical Results (See Appendix I, Page 11)

Cyanide (13 mg/kg) and mercury (8.9 ug/kg) were detected in the

sediment composite, however, these data are questionable due to QA/QC

deficiencies. The sediment was analyzed for full CLP organics after an FID

screen of 16,477 ug/kg; it contained 30,500 ug/kg wet weight di-n-octyl

phthalate, 2320 ug/kg wet weight bis (2-ethylhexyl) phthalate, and 336 ug/kg

wet weight N-nitrosodimethylamine. All other organics were below the

detection level or were reported but were also present in the laboratory

QA/QC blank. The volatile and semi-volatile organics data for Phase I are

questionable due to QA/QC deficiencies or unreliable support data (see Exhibit

B). The positive detections reported are thus estimated values and some com-

pounds which were not detected may in fact be present.

27.*l Environmenta[_Effects

Envi- f drainage within the D and P areas are discussed

in Section 16. ..

27.5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for the D and P areas are discussed in

Section 16.5.

27.6 Conclusions and Recommendations

Conclusions and Recommendations for the D and P areas are discussed in

Section 16.6.
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SECTION 28 - SITE 21, SOUTHEAST CORNER FIELD

28.1 Site Description

Site 21 is a fenced field (150 ft. x 400 ft.) located at the southeast

corner of the Refuge. (See Figure 28-1). The field is thought to be the site

of an old dump due to the presence of concrete rubble near one end. No

other evidence of debris is observable. The topography gradually slopes to

the south and east toward a swampy ditch at the bottom of the slope. Large

diameter trees in the field indicate the area has not been disturbed for at least

sixty to seventy years.

2JI.2 Site Investigations

28.2.1 Phase I Site Investigations:

A magnetometer and electromagnetic terrain conductivity survey was

conducted along four north-south transects. (See Figures 28-2 and

28-3). Four composite soil samples (0-1 ft depth) were collected, one

along each transect. One composite along transect 1 was resampled for

full organics analysis.

28.2 .2 Phase II Site Investigations:

The transect 1 soil composite was resampled and analyzed for

mercury.
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28.3 Analytical Results (See Appendix I. Page 22}

28.3.1 Phase I Analytical Results:

The magnetometer and electromagnetic survey as shown in Figures

28-2 and 28-3 did not indicate any unusual subsurface conditions.

Two of the soil samples contained high magnesium levels (10.500 and

27.200 mg/kg. wet weight), which were approximately one order of

magnitude higher than the levels detected at the control sites (metals are

estimated values only). The FID scan on the composite soil sample from

transect T was 20,630 ug/kg (25,274 ug/kg duplicate); however, only

trace base/neutral extractable compounds were detected. The

semi-volatile organics data for Phase I are questionable due to QA/QC

deficiencies or unreliable support data (see Exhibit B). The positive

detections reported are thus estimated values and some compounds which

were not detected may in fact be present. N-nitrosodiphenylamine (156

ug/kg wet weight) was the only compound detected above the detection

limit, although traces of other semi-volatiles were also reported. The

sample representing transect 1 also contained 9 ug/kg of mercury; all

other soil samples contained mercury below the 1 ug/kg detection limit.

The mercury analysis was repeated in Phase II due to poor calibration

data.

28.3.2 Phase II Analytical Results:

The soil composite contained Ml ug/kg of mercury.
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28_.4 Environmental Effects

28.4.1 Qualitative Assessment

This site was chosen for investigation based on the thought that it

had been an old landfill at one time. The site also slopes towards a

swampy drainage ditch, which would be a viable transport mechanism,

should the site be contaminated.

Phase I sampling analysis detected traces of magnesium, but the

concentration was below the detection limit. N-nitrosodiphenylamine was

detected but at concentrations over ten times below those detected at

other sites where this compound was not considered to represent a

significant risk of exposure (see Section 19.1). One sample also contained

traces of mercury and a Phase II soil sample was taken to more accurately

quantify this result. The Phase II analysis showed a slightly higher

concentration than the Phase I result, but is not considered to be

detrimental to the environment.

Because there is no established waste source at this location, it is

not possible to have a "complete" exposure scenario. Therefore, on the

basis of the information generated, it can be concluded that the site does

not represent a risk of chemical exposure to potential human or wildlife

receptors.

28.U.2 Quantitative Assessment

Because a complete exposure scenario could not be identified in the

qualitative assessment, there is no basis for preparing a quantitative risk

evaluation.
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28.3.3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

site inspection, geophysical surveys, and sample analyses. An inspection

of the site led to the belief that the site had been an old dump.

However, the geophysical surveys did not reveal any unusual subsurface

conditions. Large diameter trees in the field indicated that the area had

not been disturbed for at least sixty to seventy years.

Chemical residue information consisted of analytical results on

surface soil samples. This information was obtained only for the top one

foot of soil; deeper soil borings were not conducted. Based on the

magnetometer and electromagnetic terrain conductivity surveys, there is

no evidence to suggest that waste had been buried on this site.

Therefore, these samples should adequately represent the conditions of

the site.

" It can be concluded that the data generated are adequate for

evaluation of the remedial alternatives for this site. The sampling analyses

indicate that the site does not contain contaminants at levels that would

be detrimental to human health or to the environment.

28.5 Preliminary Remedial Alternatives

The analytical results discussed in the previous section indicate that this

site does not contain contaminant levels that would result in a negative

environmental impact. Therefore there will be no further evaluation of

remedial alternatives, and this site will not be included in the F5.
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28.6 Conclusions and Recommendations

It can be concluded that the Southeast Corner Field site does not

represent a chemical exposure risk to human or wildlife receptors at the

Refuge or at other locations. No further evaluation is recommended for this

site.
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SECTION 29 - SITE 22, OLD REFUGE SHOP

29.1 Site Description

North of the Refuge along Wolf Creek Road is the old Refuge

Headquarters, now leased by DIagraph-Bradley. Site 22, the Refuge Shop,

was located behind the Headquarters building. Pine wood poles were treated

in a fenced area of the Shop with pentachlorophenol wood preservative and

shipped to various locations throughout the county, according to the Refuge

Manager. A small drainage pool is located outside the fence to the north and

contains a green-yellow scum. (See Figure 29-1). The pool drains through

the woods to the northwest and ultimately into Crab Orchard Lake.

29.2 Site Investigations:

29.2.1 Phase I Site Investigations:

One grab surface water sampled from the drainage pool. One

composite sediment sample (0-1 ft. depth) was collected from the drainage

ditch. The sediment was resampled for full priority pollutant analyses.

29.2.2 Phase II Site Investigations:

A monitoring well was installed and sampled during Phase II. The

monitoring well was set to a total depth of 10 feet in silty clay and was

screened from 5 to 10 feet. The ground water was sampled and analyzed

for CLP HSL volatiles, base/neutral/ acid extractables, and metals.
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Four sediment samples were collected from the ditch. One additional

soil sample was collected from the embankment to trace the downstream
T--

distribution of contaminants (see Figure 29-2). The soil 7-and sediment

samples were analyzed for CLP base/neutral/acid extractables, as well as

cadmium, chromium, and cyanide. EP-toxicity analyses were completed

on three of the sediment samples.

29.2.3 Site Hydrogeologic Characterization

29.2.3.1 Site Geology

Based on results of the test well boring 22-8, the subsurface

unconsolidated overburden consists of a brown, gray, and orange

mottled silty clay, with some sand. This material Is present from the

ground surface to 9 ft. in depth. Beneath the silty clay, at least 1 ft of

a brown silt with a trace of fine gravel is present to 10 ft in depth

{total depth of boring). Bedrock was not encountered in the boring;

therefore, the depth to bedrock and bedrock lithology is unknown. As

only the one monitoring well was installed, the lateral extent and

variability of the overburden units is also unknown.

29.2.3.2 Site Hydrogeology

Shallow ground water occurring beneath the site was found at a

depth of 1 to 1.3 ft. below the ground surface within the silty clay soil

unit during June 1987. The monitoring well installed screened this

upper water table. Ground water elevations collected during the winter

and summer of 1987 (wet and dry seasons, respectively) Indicate a water

table fluctuation of 0.3 ft with water levels dropping during the summer



months (Table 4-3). Figure 35-5 illustrates the monitoring well location

and the ground water elevation of 18 June, 1987.

29.3 Analytical Results (See Appendix I, Page 22)

29.3.1 Phase I Analytical Data;

The pool water sample did not contain contaminant concentrations

above the Illinois Public Water Supply Standards or Federal drinking

water standards. The total organic halides concentration In water was

14 ug/L (16 ug/L duplicate). The sediment contained cyanide (392

mg/kg), cadmium (701 mg/kg), chromium (663 mg/kg), and lead (150

mg/kg) above the concentrations detected at the control sites. The

metals concentrations are reported as estimated values and cyanide

analyses were repeated due to QA/QC deficiencies (see Exhibit B). All

I1(iri organics were below detection limits, although the FID scan was 10,114

ug/kg. Methylene chloride and acetone were quantified, but these were

also detected in the laboratory blank. The total organic carbon

concentration in the sediment was 19,413 mg/kg, and organic nitrogen was

1,899 mg/kg.

29 .3 .2 Phase II Analytical Data:

The ground water sample contained low levels of cadmium (25

ug/L), chromium (21 ug/L), and lead (6.6 ug/L). The corresponding

dissolved metals concentrations were 17, 5.1, and 3.9 ug/L. Cyanide

was detected at 0.07 mg/L. No organics were detected In the HSL/CLP

analysis, although the spike/spike duplicate recoveries were outside of

control limits and the semi-volatiles were extracted outside of the holding

time. All parameters tfere within the Illinois Public Water Supply
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Standards, except for cadmium and cyanide. The cadmium concentration

also exceeded the Federal drinking water MCL and MCLC.

Sediment samples 22-5 and 22-6 downstream contained the highest

cyanide concentrations, 130 mg/kg and 181 mg/kg wet weight. The

sediments also contained cadmium (less than 0.68 - 780 mg/kg),

chromium (10-889 mg/kg) and lead (93 - 166 mg/kg). Chromium duplicate

analyses were not within the control limits. In general, the sediments

which contained high cyanide levels also contained high metals

concentrations. Three sediment samples, extending approximately 3000 ft.

downstream of the pool, contained EP Toxic cadmium concentrations (9.1,

7.1, and 3.8 mg/L) in excess of the RCRA criterion of 1.0 mg/L, thus

defining these sediments as hazardous wastes. Figure 29-2 shows the

cyanide and total and extractable cadmium concentrations in the

sediments. Trace base/neutral/acid extractable compounds were found

in soil 22-3 (and duplicate 40-76), including 2-methylnapthlalene (330

and 280 ug/kg), bis(2-ethylhexyl) phthalate (200 and 320 ug/kg), and

di-n-butyl phthalate (1,260 and 499 ug/kg), although the recoveries for

spike and spike duplicate samples were outside of limits for the

semi-volatiles scan. Other detected organics were also present in the

QA/QC blanks.

29.4 Environmental Effects

29.4.1 Qualitative Assessment

29.4.1.1 Source Evaluation

The results of the site investigations, as described in the preceding

sections, determined that the vicinity of the Old Refuge Shop

(previously used to treat wood poles with preservative) was contaminatec
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with residues of cadmium, cyanide, and other compounds. Phase I

analyses of water and sediments in a small drainage ditch adjacent to the

shop showed the presence of 701 mg/kg cadmium, 603 mg/kg chromium,

and 392 mg/kg total cyanide In ditch sediments while the water

contaminant levels were less than the Illinois Water Supply Standards. A

shallow well installed on the site showed only very low levels of

contaminants, but cadmium and cyanide levels exceeded the State and

Federal standards. Phase II soil and sediment EP Toxicity analyses at

the site and 3000 feet downstream confirmed the site contamination and

offslte transport of cadmium. Based on this analytical survey, cadmium

and cyanide were chosen to serve as site indicator contaminants for the

purpose of this risk assessment.

The physicochemical and toxicological properties of cadmium and

cyanide are summarized in Exhibit A. Cadmium is a highly toxic element

capable of producing a broad range of systemic effects, particularly to

the respiratory, renal, and reproductive systems. It is also a teratogen

In animal studies, and there is evidence for carcinogenicity in humans

via inhalation as well. Cadmium can accumulate extensively in exposed

individuals and in populations through food chain magnification of

residues. The major concern from cyanide exposure is acute toxicity of

hydrocyanic gas (HCN) and simple salts such as sodium cyanide. HCN

would exist as a gas under normal environmental conditions, while the

chemistry of the salts is quite complex and compound-specific, with a

variety of soluble and insoluble complexes that can be formed. Cyanide

does not bioaccumulate.
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29.A.I .2 Transport Route Evaluation

a) Air; Cadmium has no propensity to volatilize to air from the

adsorbed state. Therefore, transport of cadmium compounds in vapor

form is not a significant route of transport. However, because of

the existence of exposed soil-adsorbed contaminants, dusts

generated by wind erosion, vehicular traffic, or the activities of

endemic wildlife constitute a functional route for conveying cadmium

residues to on- and off-site locations for subsequent exposures by

receptors in those areas. Due to the high vapor pressure of HCN

and the relatively low volatility of ionic cyanide, exposures via both

the vapor and dust-bound forms of cyanide are possible.

b) Direct Contact: Due to the presence of site indicator contaminants

in soils and sediments in the area, exposures by the direct contact

route are possible.

c) Surface Water: Phase II analyses detected cadmium residues in

excess of 1 mg/kg in sediments 3000 feet downstream of the site

drainage pool. Therefore, the surface water transport route is

considered functional via precipitation-initiated runoff events which

convey soil- and sediment-bound site contaminants towards Crab

Orchard Lake.

d) Ground Water: Only minimal quantities of site contaminants were

detected in site ground water, and cadmium mobility in silty clay

soils is generally low. Furthermore, no exposed receptors (ground

water users) were identified for this route. Therefore, the ground

water transport route was determined to be non-functional at the

site and will not be considered further in this risk assessment.
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29.3.1.3 Receptor Evaluation

Human

The Old Refuge Shop Is situated in a non-populated area.

Therefore, the only potential human receptors would include facility

employees, site trespassers, and occasional recreational users of the

Refuge. The number of human receptors is low and exposure will be of a

transient, non-chronic nature.

Specific scenarios for human exposure to site indicator contaminants

will be developed In the following sections. The transport route

evaluation identified three functional transport mechanisms: the air

route, the direct contact route, and the surface water transport route.

Exposures will generally occur only in the vicinity of the Shop and

drainage ditch, with the exception of downgradient drainage conveying

surface water towards the lake, and potentially from consumption of fish

taken from the lake.

The following are the most likely human exposure scenarios for the

functional transport routes.

a) Direct Contact: The most probable human exposure scenario would be

exposure to site indicators via direct contact with surface residues

and sediments at the site and drainage ditch and to sediments in

the downstream drainage areas. Humans employed at the facility

constitute one group of potential receptors. Occasional recreational

users of the Refuge might also be exposed to contaminants via

direct contact. The most likely mode of entry of contaminants into

the body would be incidental ingestion of soil-bound residues

adhering to the skin, clothing, or shoes acquired by direct contact

with exposed wastes.

29-7



b) Air Route: Dusts generated by wind erosion or foot traffic over

'«.„,-' exposed waste areas constitute the most likely mechanism for

exposure via the air route since cadmium and some forms of cyanide

are soil-bound and non-volatile. HCN is highly volatile and thus

poses a potential additional exposure mechanism if present at the

site. As with the direct contact pathway, the receptors include

facility employees and other trespassers who may breathe

contaminated dusts while traversing the site.

c) Surface Water Route: As presented in the preceding section,

transport of cadmium residues towards Crab Orchard Lake presents

a potentially complete human exposure pathway via ingestion of

residues accumulated in fish.

d) Ground Water Route: No human users of site ground water were

identified. Therefore, this exposure pathway is incomplete.
W

Wildlife

The forested nature of the site and adjoining areas indicates that a

wide variety of terrestrial organisms may be exposed to site-related

contaminants, and the proximity to Crab Orchard Lake creates the

opportunity for exposures to aquatic populations.

a) Direct Contact: Wildlife inhabiting the site such as invertebrates and

small burrowing rodents will receive both acute and chronic direct

contact exposures to site contaminants bound to soil dusts during

burrowing activities. Exposed waste areas present a functional

direct contact route exposure path for birds while feeding,

ingesting grit, and dusting. Subsequent ingestion of soil-bound

residues while preening or grooming is the principal means of entry
IM,«-'

into the body.
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b) Air Route; Inhalation exposures of wildlife to dust-bound cadmium

and cyanide will follow the direct contact scenario described above.

In addition. Inhalation of HCN vapor is possiblt.

c) Surface Water; Wildlife using the Shop drainage pool for drinking

water will Inadvertently Ingest sediments containing residues of

cadmium, chromium, and cyanide. In addition, transport of cadmium

to Crab Orchard Lake via runoff of sediments is a potentially

functional chronic exposure pathway for aquatic organisms In Crab

Orchard Lake. Exposures will be relatively greatest for benthic

invertebrates and bottom-feeding fishes such as catfish. It is

noted, however, that cyanide and cadmium were not detected in the

sediments of Crab Orchard Lake near the mouth of the stream

leading from the Old Refuge Shop. These compounds were,

likewise, not detected elsewhere in the sediments of Crab Orchard

Lake.

d) Ingestion: Implied in all three wildlife exposure pathways discussed

above is the ingestion of site contaminants via soils, dusts,

sediments, vegetation, water, and consumed prey. In addition,

herbivores may consume contaminated dusts on seeds and

vegetation. Fish, birds (i.e. ducks, herons) and other aquatic

organisms may inadvertently ingest contaminant-bearing sediments

while feeding. The ability of cadmium to accumulate in aquatic arid

terrestrial food chains is well documented, adding to the importance

of the ingestion route of exposure.

e) Ground Water: No surface ground water discharges have been

shown which would provide a complete pathway for wildlife

exposures.
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29.4.2 Quantitative Assessment

'"""*""' 29.».2.1 Estimates of Release and Exposure Rates

Estimates of Exposures fay Direct Contact •• ;-. '••••.-«•«*. ^

The qualitative assessment for the Old Refuge Shop has determined

that direct contact represents a functional exposure pathway for humans

and wildlife. However, cadmium and some forms of cyanide are tightly

bound to soils and sediments. Therefore, dermal absorption of

contaminants is not expected. The pathway consists, instead, of

ingestion of bound residues picked up through direct contact with soils

and sediments. The contribution of this route of exposure will therefore

be addressed in the section below on ingestion exposures.

Estimates of Airborne Exposures

The qualitative portion of this assessment has established that the

air pathway represents a complete exposure route. The pathway consists
1 MMhl' *

of breathing contaminated dusts at the site by occasional human activities

(visits by employees, recreational users etc.), and by burrowing and

dusting activities of wildlife.

The general approach and assumptions used to estimate airborne

human and wildlife exposures are given in Section 21.3.2.1 of this report.

Using this worst case approach for a four hour excursion by a facility

employee or hiker in a sector of the site containing exposed wastes, and

assuming a mean surface cadmium soil/sediment level of 500 mg/kg, a

total exposure to cadmium of 0.026 mg or 0.37 ug/kg for a 70 kg adult

is obtained via the inhalation route per site visit. Assuming three such

visits to the site per year, a chronic inhalation rate of 0.003 ug/kg/day

is derived. It should be realized that such a scenario does not
lii|»'''

technically define a chronic exposure. Using the same approach for
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exposure to dust-bound cyanide at 100 mg/kg, an exposure of 0.074

ug/kg body weight per site visit Is obtained. For repeated exposures,

e.g. 3 times yearly, this Intake would be expressed as 0.0006 ug/kg/day.

The contribution of inhaled residues to total chronic intake Is discussed

In the following Section 29.4.2.2, Quantitative Assessment.

True chronic inhalation exposures are likely, however, for small

burrowing mammals at the site. Assuming an average of 1 hr daily

burrowing and breathing using a breathing rate value of 0.006 m3/hour

for an active 30 g mouse (approximately U.S. EPA, 1985), four times the

resting rate cited in small rodents might receive exposures up to 1.0

mg/kg/day as a result of burrowing in soils containing 500 mg/kg

cadmium. Vaporized residues would not be significant due to the very

low volability of the cadmium compounds. For 100 mg/kg cyanide, a daily

exposure of 0.2 ug/kg/day is estimated. Due to lack of monitoring data,

exposure to HCN gas cannot be estimated. Given the acute lethality of

this substance, its presence in substantial amounts would be obvious.

The significance of this exposure is discussed below in 29.4.2.2.

Additional wildlife species are considered in the following section on

Quantitative Assessment.

Estimates of Ground Water Exposures

It has previously been determined that the groundwater exposure

pathway is incomplete at the site and therefore will not be considered

quantitatively.
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Estimates of Surface Water Exposures

In view of a functional transport mechanism for conveying site

contaminants towards Crab Orchard Lake via runoff events, the surface

water pathway Is complete. Exposures due to direct contact with

sediments is discussed below under Ingestion exposures. Another

mechanism of exposure may consist of ingestion of contaminants

accumulated In biota from residues present in sediments transported to

Crab Orchard Lake. Therefore, exposures by this route will be

discussed in the following section on ingestion exposure.
*

Estimates of Ingestion Exposures

ingestion exposure of site contaminants at the Refuge Shop and

contiguous sites has two components: ingestion of soil-bound residues

acquired by direct contact with waste materials, and bioconcentration and

foodchain accumulation of cadmium in terrestrial communities and possibly

in Crab Orchard Lake. The approaches and assumptions used to estimate

exposures by direct contact and ingestion of contaminated soils have

been discussed in section 21.a.2, the quantitative assessment for the Job

Corps site. Using the worst case assumption that an individual ingests

100 mg of soil as a result of an excursion into an exposed waste area of
•

the site and that the mean surface level of cadmium and cyanide are 500

and 100 mg/kg, respectively, an ingestion of 0.71 ug/kg for cadmium and

0.14 Ug/kg for cyanide are estimated per site visit for a 70 kg human.

The corresponding chronic exposure levels of 0.0058 and 0.0011

ug/kg/day could be derived if it is assumed that site visits by humans

recur at least 3 times per year.
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The following wildlife cadmium and cyanide intake rates from

Ingestion of contaminated soil at the site during feeding or grooming are

estimated using similar assumptions as those detailed in Section 24.4.2

The estimated exposure from 500 mg/kg cadmium in soil are: rabbit, 7.1

mg/kg/day; mouse, 4.75 mg/kg/day; and deer, 2.69 mg/kg/day. For

cyanide at 100 mg/kg soil, the corresponding estimates are: rabbit, 1.4

mg/kg/day; mouse, 0.95 mg/kg/day; and deer, 0.54 mg/kg/day.

Beyer et al (1982) determined that earthworms of the family

Lumbricidae were capable of bioaccumufating cadmium directly from soil.

For example, earthworms living in soil containing 2 mg/kg of cadmium

contained levels of cadmium as high as 100 mg/kg body weight. The

authors considered these cadmium levels to be hazardous to wildlife which

might feed on the worms, although no experimental evidence for this

quantitative conclusion was provided. Given the scarcity of data on the

effects of ingested cadmium to carnivorous wildlife which might receive

such exposures (i.e. shrews, moles, skunks, certain birds, for example),

a comparison of possible exposure rates to established effect levels is

made in Section 29 .4 .2 .2 , Quantitative Risk Assessment for wildlife.

29.4 .2 .2 Quantitative Risk Assessment

Human Risks

Human exposure at the Refuge Shop site will be limited, with little

opportunity for true chronic exposures. Nevertheless, the assessment

below carries the scenario through to potential chronic exposures to

determine the level of risk to humans. Human exposure estimates for

airborne dust-bound cadmium residues (0.003 ug/kg/day) and direct

contact ingestion of soil-bound residues of cadmium (0.0058 ug/kg/day)
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provide a total estimate of 0.009 ug/kg/day for this scenario. A unit risk

factor of 7.8 (mg/kg/day)'1 has been established by U.S. EPA (Exhibit

A) for assessing human carcinogeniclty based on evidence that inhaled

cadmium has produced respiratory cancer in the workplace. Using this

value and the estimated inhalation exposure rate of 0.003 ug/kg/day, an

Incremental risk of 2.3 x 10~ is estimated. This upper limit estimate is

very close to the 10 to 10 population risk considered by regulatory

agencies to constitute a negligible risk to the national population. In

view of the low probability that even one receptor would meet all the

upper bound assumptions used, the human risk at this site attributable to

cadmium exposure is deemed negligible.

Assuming a mean soil/sediment cyanide level of 100 mg/kg and an

exposure scenario as just described, a total human ingestion and

inhalation exposure rate of 0.214 ug/kg/visit is obtained. An*acceptable

daily (chronic) intake of 108 ug/kg/day has been established for human

cyanide intake (USEPA, 1980); therefore, the worst case acute exposure

for one visit to this site is over 500 fold lower than the level which might

begin to present concerns for toxicity.

An additional avenue for human exposures is consumption of fish

taken from Crab Orchard Lake. Cadmium-contaminated sediments provide a

theoretical source for bioaccumulation of residues. This exposure is not

quantifiable due to lack of data on fish residues and proof that residues

have indeed been transported to the lake.
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Wildlife Risks

Estimates of total cadmium and cyanide Intakes estimated in the

previous sections for receptor species of wildlife are summarized below:

Estimated Daily (Chronic) Intake - Cadmium

Total

mg/kg/day

Deer 60 0.43 2.69 2 '.69
Rabbit 1.0 0.415 7.1 7.1
Mouse 0.03 1.0 4.75 4.75

Body.
Weight

(kg)

60
1.0
0.03

Estimated

Body
•tight

f IrrO

60
1.0
0.03

Inhalation Rat*

ug/kg/day

0.43
0.415
1.0

Dally (Chronic) Intake

Inhalation Rat*

ug/kg/day

0.087
0.083
0.2

Ingestion

ug/kg/day

2.69
7.1
4.75

• Cyan Id*

Ingestien

ug/kg/day

0.54
1.4
0.95

Total

ag/kg/day

Deer 60 0.087 0.54 0.54
Rabbit 1.0 0.083 1.4 1.4
House 0.03 0.2 0.95 0.95

NOTES: See Table 24-1 and Section 24.4.2.2 for assumptions.
Inhalation rates based on estimated breathing rates for each species, 10 mg dust
inhaled per m3 of air, 0.5 ug mean Cd or 0.1 ug mean CN per mg dust, and 1 hr
(burrowing animals) or 4 hrs (deer) exposure duration each contact.

These estimates Indicate that wildlife exposures to site-related

residues may be relatively greatest among small mammals on the landfill

such as rabbits, mice, chipmunks, and the like. The latter species

animals will be exposed primarily via ingestion of contaminated soil and

dust while burrowing, grooming, and feeding on dust-bearing seeds and

Invertebrates. Rabbits and other herbivores at the site receive the major

part of their exposure from contaminated vegetation. Given the broad

range of demonstrated possible toxic effects, the potential for

Interspecific sensitivity, and limited data on effects of cadmium and

cyanide on wildlife species, it is difficult to gauge the significance of

these exposures. Using data from controlled tests with laboratory
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animals, levels of cadmium and cyanide at this site may be sufficiently

high to present concerns for reproductive effects and other systemic:

toxicity in vertebrate species.
. '"- •' JT- •.--

U.S. EPA (1986) reports a chronic acceptable Intake level for

-4
Ingested cadmium to be 2.9 x 10 mg/kg/day. based on the lowest level

which has produced kidney toxicity in humans and incorporating a

ten-fold margin of safety. A small (30 g) animal consuming 5 percent of

its body weight daily in the form of earthworms or comparable

invertebrates might thus eat 1.5 g of food per day. If the worms

contained cadmium at 100 mg/kg from living In soils with 2 mg/kg, a daily

cadmium ingestion rate of 5.0 mg/kg/day can be calculated. This'exposure

rate is well in excess of a possible effect level. Since some sediments in

the Old Refuge Shop study area contain cadmium of up to 780 mg/kg,

exposure to exposed sediments combined with food chain cadmium

accumulation could impact localized wildlife populations. Areas of high

sediment cadmium are comparatively small, which would serve to lessen

the probability for lifetime chronic exposures and overall impact of

population exposures, however.

29 . *> .3 Analysis of Uncertainties

A principal area of uncertainty exists in addressing the risks posed

to wildlife by chronic exposure to contaminants at the site. A lack of

documentation on the effects of site contaminants on wildlife species

which might be found on the site necessitated the use of studies involving

laboratory rodents and rabbits as surrogates. The relative sensitivity of

these species is unknown.
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Regarding the estimate of increased cancer risk in humans from

'»•*' inhaled cadmium. It should be noted that the chronic lifetime exposures

assumed are highly unlikely and any exposed population, chronic or

otherwise. Is very small. In this light, the worst case increase in human

risk is considered negligible.

29.5 Preliminary Remedial Alternatives

The environmental effects discussion in Section 29.1 support the need for

remedial action for the Old Refuge Shop. The contaminants identified as

probable concerns were cadmium, chromium, and cyanide. Lead was detected in

soil but at levels within the range for Refuge background. The contaminants

were present mainly in the ditch sediment samples, although cadmium and

cyanide were detected in the ground water samples and were found at

concentrations above the Illinois Public Water Supply standards and Federal
»,î

drinking water standards. Contamination in sediments was detected in the

surface samples (approximately to 1 ft. depth), but no core samples were

collected to quantify the levels in deeper sediments.

The risk-based evaluation in Section 29.4 suggests that the risk levels to

wildlife species from cadmium and cyanide residues could be greater than the

risks to humans, although there are limited data on the toxicological effects to

the variety of wildlife species that could be exposed at the Refuge. The worst

case assumptions used for the assessment of human risks determined that

cadmium levels in soils were at least double the levels which would constitute

acceptable risk. Cyanide levels were a concern for protection of wildlife but

would not pose a risk to humans. Reducing exposure to cadmium to one half

the present mean concentration, or to 250 mg/kg, would, based on the
i •'

assumptions used in the risk evaluation and available data, reduce risk to
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humans to a negligible level of 10~ . Much lower exposure levels may be

needed in order to protect wildlife, since cadmium is highly toxic to

carnivorous wildlife through ingestion of contaminated dusts and invertebrate

species, as well as potentially to fish if contaminants are dispersed off-site to

Crab Orchard Lake. Cyanide residues are associated with sediments which

contain cadmium, therefore, both contaminants will be addressed by the

measures adopted to remediate cadmium. Remedial measures to address the

complete transport pathways identified in the risk assessment will be given

priority in the evaluation of alternatives for remedial response. Surface

sediment dredging, capping, regrading, surface water diversion, and

revegetating are among the technologies which will be applicable as part of this

response.

The remedial objectives developed as part of the FS will be concerned

with reducing risks to both humans and wildlife to acceptable levels and which

will provide adequate margins of safety for protection of endangered wildlife.

Potentially applicable remedial measures for this site are discussed below.

Limited Site Access

It may be appropriate to take precautions to limit the potential for

exposure to humans and wildlife via the water or direct contact with

soils/sediments. Limiting site access could help prevent trespassing or

unauthorized use of the site until the contaminated materials have been

removed or contained. Fencing and closing the area to all but authorized

personnel, and maintaining a thick vegetative cover may be appropriate until

further remedial action can be initiated.
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Surface Water Control

Drainage ditches or trenches might be required to divert surface water

flow from areas containing elevated levels of site contaminants, In order to

llmJt the off-site transport of contaminants.

Removal or Containment of pediment

Contaminated surface sediments might be excavated and removed for

treatment off-site or contained on-site. The contamination along the ditch

extend;; approximately 5000 ft. towards the Lake, possibly 4 ft. wide x 2 ft.

deep along the drainage route. The equivalent volume of contaminated sediment

for excavation is estimated at 1600 CY. Clean fill will be used for

rec-sding/fill for areas which may require excavation during remediation.

Clear- fill will be used for regrading/refllling excavated areas. Alternatively,

the ditch could be drained and the sediments capped or sealed to prevent

leaching of residual contaminants.

Monitoring - Surface and Croundwater

As part of the follow up remedial program, the response alternatives may

include periodic sampling and analyses of the monitoring well and of the ditch

water for cadmium, chromium and cyanide. Follow-up studies to verify the

absence of contaminants might begin shortly after the cleanup.
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29.6 Conclusions and Recommendations

It can be concluded that the Old Refuge Shop site is Impacted with the

primary pollutants being cadmium, cyanide, and chromium In the site's ditch

water and sediment. It is recommended that remedial measures for this site

should be evaluated in the FS. Potentially applicable remedial measures

include limited site access to humans and wildlife and possible excavation of

surface sediments.
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SECTION 30 - SITE 23, PEPSI-WEST DRAINAGE

30.1 Site Description

Site 24 is a drainage ditch located north and west of the Pepsi-Cola

Bottling Company building. The ditch runs parallel to the adjacent street.

(See Figure 30-1). The ditch receives surface run-off from the site and

discharges to Crab Orchard Lake. This site is not located on the Refuge and

is not under the jurisdiction of U.S. FWS.

30.2 Site Investigations

30.2.1 Phase I Site Investigations:

One grab sample of surface water and one grab sample of sediment

(0-1 ft depth) were collected from the drainage ditch.

30.2.2 Phase II Site Investigations:

One sediment sample was collected for mercury reanalysis.

30.3 Analytical Results (See Appendix I. Page 23)

30.3.1 Phase 1 Analytical Results:

Total organic halide concentrations of 160 ug/L (190 ug/L duplicate)

were detected in the water sample. The sediment contained acetone (268

ug/kg wet weight), and methylene chloride (117 ug/kg wet weight);

however, these compounds were also detected in the laboratory blank.

No other organics were detected in the sediment, although the volatile

and semi-volatile organics data for Phase I are questionable due to QA/GC

deficiencies or unreliable support data (see Exhibit B). The positive

detections reported are thus estimated values and some compounds which
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were not detected may In fact be present. A mercury concentration of

9.4 ug/kg was detected, but this parameter was reanalyzed in Phase II

due to questionable QA/QC support data.

30.3.2 Phase II Analytical Results:

The sediment sample contained 58 ug/kg of mercury. This

concentration is greater than the background range measured at the

control sites.

30.1 Environmental Effects

30.U.I Qualitative Assessment

Sediments within the drainage ditch from Pepsi-West have been found

to contain mercury at a level of 58 ug/kg. No other constituents detected

in either water or sediments from this site were significantly above the

levels found at the control sites. Available data do not indicate that

surface water runoff from the ditch has transported mercury residues

downstream to Crab Orchard Lake. Although the mercury concentration

is somewhat higher than the level found at the control site soils, it is not

unusual for mercury levels in U.S. soils (Lindsay, 1979). The detection

of mercury at this site is not considered to be indicative of an off-site

source of contamination. Since there is no waste source, a complete

exposure scenario is not possible, thus it can be concluded that the site

does not represent a risk of chemical exposure to potential human or

wildlife receptors.
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30.Q.2 Quantitative Assessment

Because a complete exposure scenario could not be identified, there

is not basis for preparing a quantitative risk evaluation.

30.4.3 Analysis of Uncertainties

The Information relied upon for evaluating this location consisted of

a site inspection and sample analyses. The chemical characterization data

consisted of one surface water and two surface sediment samples from the

ditch; deeper sediment cores or downstream water samples were not

collected. Some characterization data are not sufficiently supported by

QA/QC, and thus additional uncertainty is introduced dependent on the

quality of the data. However, since there is no evidence to suggest that

the site has been used presently or previously for disposal of wastes,

and any potentially contaminated runoff from upstream areas would be

'""' transported via the surface water, the database should adequately

characterize the site.

30.5 Preliminary Remedial Alternatives

The analytical results and the qualitative risk evaluation discussed in the

previous sections indicate that this site does not contain contaminant levels

that would result in a negative environmental impact. There will be no further

evaluation of remedial alternatives, and this site will not be considered in the

FS.
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30.6 Conclusions and Recommendations

It can be concluded that the Pepsi-West drainage ditch site does not

represent a risk of exposure to humans or to wildlife receptors. No further

evaluation is recommended.
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SECTION 31 - SITE 25, CRAB ORCHARD CREEK AT MARION LANDFILL

31.1 Site Description

The old Marion Landfill Is located adjacent to Crab Orchard Creek on Old

Creal Springs Road. This municipal landfill has been inactive for a number of

years. A 3/4-acre pond is located next to the landfill. Site 25 consists of the

Crab Orchard Creek sections upstream and downstream of the landfill and of

the pond. (See Figure 31-1). This site is not located on the Refuge and is

not under the jurisdiction of the U.S. FWS.

31.2 Site Investigations

31.2.1 Phase I Site Investigations:

One composite surface water sample and one composite sediment

sample (0-1 ft depth) were collected at each of two locations

approximately 250 ft. upstream and downstream of the landfill. An

additional downstream sediment was also collected for CLP organics

analysis. A composite surface water sample and a composite sediment

sample (0-1 ft depth) were also collected from the pond.

31.2.2 Phase II Site Investigations:

One of the creek sediment samples was resampled for cyanide

analysis.

31.3 Analytical Results (See Appendix I, Page

31.3.1 Phase I Analytical Results:

Magnesium in the water increased from m.3 mg/L in the upstream

water sample to 47 mg/L in the downstream sample. Manganese in the
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upstream water (0.68 mg/L), in the downstream water (1.5 mg/L) and in

the pond (0.72 mg/L) exceeded the Federal MCL and State standard of
' 'MM*'

0.50 mg/L, but all other contaminant levels in waters were below the

Illinois Public Water Supply Standards. The upstream water and pond

water also exceeded the Federal MCL for iron but were at or below the

Illinois Public Water Supply standard. The iron and manganese

concentrations in water are not considered to pose health risks to human

populations or wildlife under these conditions (see Exhibit A), since their

standards are based on concerns of taste and color.

In general, the concentrations of most constituents increased in the

downstream samples. Figure 31-1 shows concentrations for total organic

carbon ITOC), total organic halides (TOX), cyanide and magnesium along

the creek. It is noted that cyanide values are questionable due to poor

QA/QC data and metals concentrations are reported as estimated values

"""""' only. The creek sediments at Site 25 contained similar levels of

magnesium (904 mg/kg upstream and 1,840 mg/kg downstream) as detected

at the control sites. The downstream sediment contained cyanide (90.H

mg/kg) compared to below 8 mg/kg upstream, and elevated TOC (18,239

mg/kg) compared to 3,778 mg/kg upstream. The pond sediment contained

magnesium (956 mg/kg), and below 7 mg/kg cyanide. No priority

pollutants were detected in the CLP analysis, although FID scans in the

sediments ranged from 3,735 ug/kg to 220,368 ug/kg.
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31.3.2 Phase II Analytical Results:

Th«. cyanide concentration In the creek sediment upstream of Site 25

was 10.7 mg/kg.

31 !'*. Environmental Effects

Environmental Effects for sites along Crab Orchard Creek are discussed

in Section 33.4.

3J .,5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for sites along Crab Orchard Creek are

discussed in Section 33.5.

31.6 Conclusions and Recommendations

Conclusions and Recommendations for sites along Crab Orchard Creek are

discussed in Section 33.6.
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SECTION 32 - SITE 26, CRAB ORCHARD CREEK BELOW MARION STP

,,..*'

32.1 Site Description

The Marion Sewage Treatment Plant (STP) discharges to Crab Orchard

Creek upstream of Court Street in the Village of Marion. This site is not

within the boundaries of the Refuge and is not under the jurisdiction of the

U.S. FWS.

32.2 Site investigations

32.2.1 Phase I Site Investigations:

One composite surface water sample and one composite sediment

sample (0-1 ft depth) were collected at each of two locations, both

downstream of the treatment plant, to assess the impact on various

segments of the creek. The first sampling location was at the

intersection of the creek and So. Carbon Street (samples 26-1, 26-2) .

The second sampling location was at the intersection of the Creek and

Court Street (samples 26-3, 26-4). The sampling locations were spaced

approximately 2,000 ft. apart (see Figure 31-1).

32 .2 .2 Phase II Site Investigations:

No samples were collected in Phase II.

32.,3 Analytical Results (See Appendix I, Page 25)

The FID scan, lead, magnesium, and zinc concentrations were

approximately one order of magnitude higher in the downstream sediment

samples than in the upstream samples, but all concentrations were similar to

.; detected «t the control si tes. The metals concentrations are :-- ' ••- ' -- ' ->-
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estimated vajues for screening purposes only (see Exhibit B). Chloroform was

detected In both the upstream and downstream water samples at 2 ug/L,

exceeding the AWQC for human health of 0.19 ug/L, but is well below the same

criterion set for aquatic life protection of 1,240 ug/L. No other volatile
". -•*

or£an!cs or PCBs/Pesticides were detected in either the water or sediments

although TOX and FID scans detected organics. Semivolatiles were not

analysed at this site.

TOX levels were somewhat elevated in the downstream water sample, 120

ug/L (130 ug/L duplicate) versus 19 ug/L upstream. Manganese concentrations

in the upstream and downstream waters (0.3 and 0.75 mg/L) both exceeded the

Federal MCL and Illinois Public Water Supply standards. Iron in the

downstream sample (1.0 mg/L) also exceeded the Federal MCL, but not the

Illinois standard. Iron levels are regulated due to objectionable taste and

color; at these levels, this does not pose a threat to public health. All other

surface water parameters were within Illinois Public Water Supply Standards.

Figure 31-1 shows the concentration for TOC, TOX, cyanide and magnesium in

waters and sediments from Crab Orchard Creek. All parameters in the

upstream location (26-1, 26-2) were below the levels found upstream of the

STP (Site 25) , with the exception of TOX.

32.U Environmental Effects

Environmental Effects for sites along Crab Orchard Creek are discussed

in Section 33.U.
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32.5 Preliminary Remedial Alternatives

Preliminary Remedial Alternatives for sites along Crab Orchard Creek are

discussed in Section 33.5.

_.*"

32.6 Conclusions and Recommendations

Conclusions and recommendations for sites along Crab Orchard Creek are

discussed in Section 33.6.
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SECTION 33 - SITE 27, CRAB ORCHARD CREEK BELOW 1-57 DREDGE AREA

"""' 33/1 Site Description

' S-IU 27 is located In Crab Orchard Creek downstream of the Interstate
t

Route 57, approximately 4,000 ft. downstream from Site 26 (See Figure 31-1).

Dredging of the stream bed was conducted in this area a number of years ago.

This site is located on the Refuge.

33.2 Site Investigations

33.2.1 Phase I Site Investigations:

A composite surface water sample and a composite sediment sample

(0-1 ft depth) were collected from Crab Orchard Creek where the creek

intersects with Chammness Road.

33.2.2 Phase II Site Investigations:

No samples were collected in Phase II.

33.3 Analytical Results (See Appendix I. page 26)

TOX levels in the surface water of 43 ug/L (38 ug/L duplicate) were

below those found at Site 26. Most other parameters were similarly below the

levels detected at Site 26 except for TOC and magnesium in the sediment.

Figure 31-1 shows the concentration for TOC. TOX, cyanide and magnesium

along Crab Orchard Creek. The cyanide results were questioned due to poor

QA/QC and the metals concentrations are estimated values (see Exhibit 6).

The manganese concentration (0.6ft mg/L) in the water exceeded the Federal

MCL and Illinois Public Water Supply Standard as it did in each of the five

samples collected further upstream. Iron (0.5 mg/L) also exceeded the Federal
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MCL but not the Illinois standard. The concentrations of all other

contaminants In the water were below the Illinois Public Water Supply

Standards and Federal MCLs. The excursions noted for Iron and manganese

do not represent a health concern since these standards are implemented based
*

on aesthetic considerations of taste and color.

Sediment concentrations were similar to the ranges detected for the

Refuge control sites.

33.U Environmental Effects

33.1.1 Qualitative Assessment

33.4.1.1 Source Evaluation

This section is an analysis of exposure and risk in Crab Orchard

Creek at the Marion Landfill (Section 31), below the Marion Sewage

Treatment Plant (Section 32) , and below the 1-57 Dredge Area (Section

33).

33.U.I Qualitative Assessment

33.U.1.1 Source Evaluation

Crab Orchard Creek At Marion Landfill

Crab Orchard Creek may receive leachate and runoff from the Old Marion

Landfill, now inactive. Analyses of the site revealed magnesium residues

up to 47 mg/L in the creek water and up to 1,840 tng/kg in the sediment

of a nearby pond; iron concentrations in water up to 1,000 ug/L,

manganese levels in water up to 1,510 ug/L, and cyanide in creekbed

sediment of 10.7 to possibly 90.4 mg/kg were also found. Exceedance of

the standards for manganese and iron do not represent a health concern

since these criteria were established based on aesthetic considerations.

33-2



The reported maximum cyanide concentration of 90 mg/kg is

•..-•" estimated due to deficiencies in QA/QC support data from the Phase I

analysis. Since no other water or sediment samples along Crab Orchard

Creek contained elevated levels of cyanide, this value seems to represent
•i

a false positive, and cyanide will not be considered as a site contaminant.

Magnesium levels are within the ranges typically found in soils (Lindsay,

1979). Due to the lack of source of exposure, a complete scenario is not

possible and this site will not be considered further.

Crab Orchard Creek Below Marion Sewage Treatment Plant

No water or sediment cyanide levels were detected at this site that

would constitute a threat to human health or the environment. Iron and

manganese levels in water were above the aesthetic-based standards but

are not considered to represent a health concern. Due to the lack of
'I''

source of exposure, this site will not be considered further.

Crab Orchard Creek Below 1-57 Dredge Area

As discussed in Section 33.3. water sampled from the creek

contained iron and manganese levels above the Illinois Public Water

Suppi/ and Federal drinking v>ater standards. Iron and manganese levels

were above the MCL set for aesthetic concerns but were within the stan-

dards for health protection. Sediment levels were comparable to the

Refuge control sites. Magnesium in the creek water ranged from 5.6 to

47.2 mg/L. Since there Is an insufficient data base from which to

determine risks to fish, wildlife, and humans at this site, and since

federal criteria or standards for magnesium have not been promulgated, a

receptor analysis and quantitative risk assessment will not be performed.
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33.4.3 Analysis of Uncertainties

Several areas of uncertainty can be noted In the evaluation of Sites
••<••>"

25. 26. and 27 along Crab Orchard Creek:

* 1. The limited number of samples collected may not completely
jfr

characterize the sites, given the large geographical area studied;
f

2. The uncertainties Inherent in some of the laboratory analyses due to

inadequate QA/QC support data may underestimate the presence of

site contaminants;

3. The chemical form and toxicity of cyanide residues, if any, have not

been determined.

33.5 Preliminary Remedial Alternatives

Follow-up monitoring of surface water and sediments is suggested.

Attachment 1 details a recommended monitoring program. The parameters

X,..' identified as possible targets for monitoring along Crab Orchard Creek sites

include total organic carbon, total organic halides, cyanide, manganese, iron.

and magnesium.

33.6 Conclusions and Recommendations

The water samples from Crab Orchard Creek exceeded the State and

Federal standards for iron and manganese, however these standards were

established based on aesthetic concerns of taste and color, therefore, the

levels found do not pose a threat to human health or wildlife. Sediment

contaminant levels detected were not supported by QA/QC data and do not

appear to have leached to the water. It can be concluded that follow-up

monitoring studies (see Attachment 1) will adequately characterize the

*•"•' conditions of the site in the event that these conditions change.
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SECTION 34 - SITE 28, WATER TOWER LANDFILL

34.1 Site Description

Hfstorlcal aerial photographs indicate that landfilling activities occurred at
•*!

Site 28. adjacent to the Water Tower near Areas 7 and 14. (See Figure 34-1).

The photographs from 1943 show that the area encompassed by the Water

Tower road is radially marked by tire tracks, and debris can be seen at the

end of the tracks. The landfill appears as a diamond-shaped area to the north

of the Water Tower. Photographs from 1951 show that the landfill was not in

use at that time, and the area previously noted to be marked with tire tracks is

now vegetated and the landfill area is no longer distinguishable. The landfill

appears to have been reactivated sometime after 1951, as debris and equipment

are shown in aerial photographs from 1960 and 1965. By 1971, the landfill is

no longer active and the area is partially vegetated. The areas of site activity

indicated on the 1943 and 1965 air photos are illustrated on Figure 34-1.

These activities are not visually apparent today; however, a number of

rusted drums, metal parts and tar residues are present. The site gradually

slopes to the northeast. The sloping face northeast of the Water Tower is

heavily overgrown with briars and rutted with several major gullies; only a

small amount of refuse is evident in this area. N jre activity is evident in the

woods at the bottom of the slope. Standing water in the main drainage gully

showed a slight sheen on the surface on one site inspection, but was not

evident in latter visits to the site. This gully ultimately discharges

approximately 1 mile northward to Crab Orchard Lake. Several small mounds

are within the woods and a larger mound is located at the top of the hill.

Previous soil sampling by DOI detected lead concentrations up to 800 mg/kg.

(Ruelle, February 1983).
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3U.2 Site Investigations

34.2.1 Phase 1 Site Investigations:

A magnetometer and electromagnetic terrain conductivity survey was

conducted along and transverse to the slope of the landfill. (See Figures

'311-2 and 34-3). Two shallow ground water monitoring wells were also

Installed and set at depths of 20 and 25 feet in clayey silt. Both wells

included ten foot length well screens from intervals of 10-20 and 15-25

feet respectively.

A survey grid was established for the area northeast of the Water

Tower where burial activities may have occurred based on the aerial

photographs from 1965. Composite soil samples each consisting of six, 0-1

ft. depth grabs) were collected along a central transverse drainage gully.

the Water Tower drainage ditch (south of the grid), and from grids spaced

toward the outer edges of the grid. Six additional grab soil samples (0-1

ft. depth) were collected from other locations, including two from the

diamond shaped area to the north of the Tower, two within the wooded

area where scattered debris was found, and two from locations removed

from the grid. One sample from the transverse gully was resampled for

full CLP organics analyses.

31.2.2 Phase II Site Investigations:

Phase II site investigations included the installation and sampling of

a set of nested ground water monitoring wells in addition to the sampling

of the two wells installed in Phase I. The Phase II wells were set at

depths of 20.5 and 39 feet and screened from 15.5-20.5 and 31-39 feet

respectively. Soils encountered at these sites were generally silt and silty

clay with a fine sand layer identified at 31-39 feet in the deep well. Well
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28-15. The ground water samples were analyzed for CLP HSL volatiles,

pesticides, PCBs, and metals, as well as for cyanide and indicators.

Five soil test pits were dug to a depth of 7 feet. The test pit
••

locations were selected based on the data results from the geophysical

surveys. The pits were dug to explore subsurface soils, although the

Phase I screening did not show elevated contaminants in any of the surface

soils. Six soil samples were collected from these pits: one composite

(0-7 ft. depth) from each pit, as well as one composite combining the five

test pit samples (See Figure 3U-1). The soils were analyzed for PCBs,

magnesium, copper, lead, arsenic, and cyanide.

3U.2.3 Site Hydrogeologic Characterization

34.2.3.1 Site Geology

Based on results of»the well installations at Borings 28-7, 8, 15 and

16, the subsurface unconsolidated overburden consists of a mottled grey,

orange, and brown silty clay to clayey silt containing trace amounts of

sand and fine gravel. This material continues vertically to depths of 20 to

25 ft. below ground level, and appears to be laterally continuous

throughout the site. Beneath the silty clay layer, approximately 12 ft. of

clay is present to a depth of 21 to 36 ft. as exhibited in the deep boring

28-15. A thin layer of fine-coarse sand is present beneath the clay, and

occurs above a medium grained, light grey sandstone bedrock. Top of

bedrock is 37.5 ft. below ground level in the deep boring. As only one

boring encountered materials beneath the silty clay layer, no estimate can

be made of the lateral extent of the lower unconsolidated layers.
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34.2.3.2 Site Hydrogeology

Occurrence of Ground Water

Shallow ground water occurring beneath the site was found at. a

depth of 1.5 to 18 ft. below the ground surface within the silty

clay/clayey silt soil unit. The three shallow ground water monitoring wells

were screened in this upper water table. Ground water elevations

collected during the winter and summer of 1987 (wet and dry seasons,

respectively) indicate a water table fluctuation of 2 to 4 ft. with water

levels dropping during the summer months (Table 4-3).

A lower ground water aquifer was encountered in the lower portions

of the soil sequence on top of the sandstone bedrock where

unconsolidated sands were encountered. The deep well installed on site

was screened in this lower aquifer. Ground water elevations collected

during the winter and summer of 1987 indicate a 0.75 ft. fluctuation in

the water table with levels dropping in the summer months (Table 4-3).

This lower aquifer is confined, as is apparent by a 3 ft. higher elevation

in ground water in the deep well as opposed to that occurring in an

adjacent nested shallow well.

Ground Water Flow Conditions

Ground water elevations from the shallow ground water monitoring

wells were contoured and are presented in Figure 34-4. The ground

water flow direction is toward the northeast, i.e. along a north-south

trending stream which flows north into Crab Orchard Lake. The

hydraulic gradient of flow (i) during June 18-19, 1987 was approximately

0.016 f t / f t . The average hydraulic conductivity (K) for the shallow wells

was calculated to be about 0.37 ft /day. Porosity was assumed to be 0 .35

(Davis and Dewiest).



A calculation was then made of the average ground water flow velocity

(Vs) through the upper soil units. Using the formula given in Section

».2, the resultant velocity was calculated to be about 0.017 ft/day or 6.2

ft/year. The flow velocity is controlled by the relatively low hydraulic

gradient and low hydraulic conductivity occurring in this area. An upward

vertical flow was identified from the unconsolidated aquifer screened by

the deep Well 28-15 into the upper water table. This phenomenon indicates

discharge of deep ground water towards Crab Orchard Lake.

34.3 Analytical Results (See Appendix I, Page 27)

34.3.1 Phase I Analytical Results:

The magnetometer and electromagnetic surveys shown in Figures 34-2

and 34-3 suggested the presence of metallic debris within the transverse

ditch. Some scattered residues of metallic

debris were found during the site inspection within the wooded area to the

east.

The symmetrical contour lines shown in Figure 34-2 north east of the

grid resulted from the more narrow grid spacing which had to be used

within the wooded area, and was not due to any metallic or conductive

objects at the Site. Figure 34-1 shows the detected PCB concentrations on

a wet weight basis. Two of the soil samples (28-4, a surface grid

composite, and 28-13, a grab from the wooded area) contained 2.8 and

1.7 mg/kg dry weight respectively, which were higher than those

detected in the othe soils (less than 0.01 to 0 .354 mg/kg dry weight).

The soil composite collected from the transverse gully (sample 28-2) at a

0-1 ft depth contained 0.35 mg PCBs/kg. The soil composite along the

ditch south of the landfill area contained 0.023 mg PCBs/kg dry weight.
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Lead was detected in all of the surface soil samples at concentrations

ranging from less than 20 to 250 mg/kg. Lead concentrations are

estimated and are reported for screening purposes only. The highest

lead concentration was detected at Location 28-4, which also contained the

highest PCB concentration. The range of lead concentrations measured

would not be considered atypical for lead levels in soils.

34.3 .2 Phase II Analytical Results:

The soil samples collected along the transverse gully (Figure 34-1;

location 28-2, 0-1 ft composite for Phase I, and locations 28-17 to 28-22 at

0-7 ft depth for Phase II), contained PCB concentrations in the range of

less than 1 to 22 mg/kg for four test pits, and one high concentration of

8,900 mg/kg at test pit location 28-18. The composite of the five test pits

(Sample 28-22) contained 320 mg/kg PCBs, skewed by the detection of

residues in one test pit. Lead concentrations ranged from 13 to 712

mg/kg for the test pit soils with the exception of sample 28-18 which

contained 4,300 mg lead/kg. Copper concentration was also elevated (8.4

to 813 mg/kg) compared to the Refuge background. The highest copper

value was detected In the sample from 28-19, adjacent to the pit with

elevated PCBs and lead. Magnesium levels were found at 2.940-16,300

mg/kg which are within an order of magnitude of the Refuge background.

The ground water samples all contained below 1 ug/L PCBs. Traces

of chloroform were dett;ted in nested wells 28-15 and 28-16 only, at 2

and 10 ug/L, respectively. Acetone and methylene chloride were reported

in the waters but their presence is attributed to laboratory contamination.

No pesticides were detected.
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All dissolved metals concentrations were below the Illinois Public

Water Supply Standards and Federal MCLs and MCLCs; however, only the
*'«.,-"

. unfiltered samples were analyzed for wells 28-15 and 28-16. The

concentrations of some metals were detected above the standards for these

unfiltered well samples. Total copper was 117 ug/L in Well 28-16,

compared to the Federal Drinking Water standard of 1,000 ug/L, and the

Illinois State standard of 20 ug/L. Manganese exceeded the Illinois and

Federal MCL standard of 50 ug/L for the same well at a concentration of

2,780 ug/L total. Total iron in the monitoring wells exceeded the Federal

MCL standard for iron of 300 mg/L, with concentrations between 125 ug/L

and 91,600 ug/L. It should be noted that the excursions for iron and

manganese are not considered to represent a concern for public health or

wildlife protection, since these standards are promulgated due to

considerations of taste and color. Unfiltered lead (4.5-76 ug/L) and zinc

"in"' (16-355 ug/L) were also elevated, but only lead was above the Federal

standard of 50 ug/L.

31. 1 Environmental Effects

34. 4.1 Qualitative Assessment

3U.U.1.1 Source Evaluation

Although aerial photographs indicate that a waste disposal area

existed in the vicinity of the Water Tower, there is no information

currently available regarding the history or source of the wastes disposed

of at this site. Most information regarding the nature and composition of

wastes in this area is based on the test pit investigation. The test pit

investigation, which was based on the results from the geophysical

surveys, revealed that the metallic objects in the landfill were not
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directly Identifiable as being of municipal origin, but appeared to be small

pieces of stamped metal, wire and other objects. It Is presumed that

these materials may have originated from one or more of. the industrial

)ltes in the area.

There were no containers or containerized wastes located in any of

the test pits, nor were any such materials located on the surface of the

site, with the exception of one empty rusted drum in the wooded area.

Likewise, there were no liquid or semi-liquid wastes, such as oils or tars,

observed in the test pits or surfaces of the site. The primary waste

materials encountered were what appeared to be wires, small metal parts

and small electrical components, such as switches. There were no solid

chemical wastes observed in the test pits or at the surface of the site. At

this time, with the exception of the test pit areas, the site is covered

by vegetation.

Based on the results of the surface soil sampling, the surface of the

site appears to be free from waste contamination. The results of the test

pit investigation indicate the presence of PCBs and lead at one of the

subsurface locations. With the exception of PCBs, priority pollutant

organics were not significantly different from those detected at the control

sites.

Although all of the components of waste at this site are not known,

based on the chemical compounds detected (PCBs, lead and copper), the

waste residues are not especially mobile, and would therefore be expected

to remain in place within the landfilled area. Due to low vapor pressures

characteristic of these compounds, these compounds do not tend to

volatilize. Also, PCBs have a very low solubility in water and a high

organic carbon adsorption coefficient. These two factors significantly

retard the leaching of PCBs into the ground water.
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Lead and copper also have a limited potential for mobility.

Depending on the type of compound they are a component of, these two

metals demonstrate only low to moderate solubilities in water. Also, as

cations, they become adsorbed to active (predominantly negative) surfaces

on soils and sediments, thereby retarding their ability to be leached and

be transported with ground water.

Of the materials detected within the site, PCBs have the highest

potential to cause toxic effects. PCBs have been demonstrated to cause

both acute and chronic toxic effects at low doses. Acute effects are of

most concern to fish and wildlife (Exhibit A). PCBs have also been

demonstrated to be carcinogenic In animal studies. In comparison with

the toxic properties of PCBs, lead and copper are considered as minor

toxic components at the levels at which these metals were detected at the

site. The PCBs will therefore be the major source compound considered

in this risk assessment.

3 S . 1 . T . 2 Transport Route Evaluation

a) Air; Because the waste materials are currently covered by a layer

of vegetation and have not been shown to be present in samples of

surface soils, the waste materials present at this location are not

considered to be a significant source for release to and transport by

the air route. The site contaminants (PCBs, lead and copper) do not

exert an appreciable vapor pressure and will not diffuse out of soils

into air at significant concentrations. For these reasons, the air

route is concluded to be non-functional at this location.

b) Direct Contact: As with the air route, the direct contact route

cannot be considered to be complete, based on the absence of
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exposed waste materials. However, in the event that portions of the

site cover are disrupted, such as by excavation or by burrowing

activities by small mammals, wastes may become exposed, thus

creating a source for the direct contact pathway. However, In its

present condition It can be assumed that the direct contact route is

not functional at this location.

c) Surface Water: Based on the absence of exposed waste materials

that could come in contact with surface water runoff at or near the

site, it can be concluded that the surface water transport route is

not functional at this location. However, should the waste materials

become exposed, they could be scoured by precipitation and runoff,

thereby entering the surface water.

d) Ground Water: The results of the groundwater sampling and

analysis program indicate that waste components are not present in

groundwater above the limits of detection. The measured soil

hydraulic conductivity at this site ranges from 2.48 x 10 to 5.93 x

10~6 ft/sec (Table 4-4). The transport of PCBs and lead are

significantly retarded by this type of soil. On this basis, and the

results of the ground water analyses which indicate the absence of

waste components, it can be concluded that the ground water

transport route is not functional.

34.4.1.3 Receptor Evaluation

Human

Based on the results of the site inspection and analytical program,

and the fact that the waste materials are currently covered by soils and

vegetation, the transport route evaluation indicated that there is
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currently no potential route by which human receptors in the area may

become exposed to the waste materials. However, should this area be

excavated in the future for construction or other purposes, all of the

routes, with the exception of the groundwater route, would become

functional and the potential for human exposures would arise.

Wildlife

The Water Tower Landfill is In a wildlife refuge and therefore the

potential for contaminant exposure is also possible for wildlife. As with

human exposures, the fact that the waste materials are currently covered

with vegetated topsoil generally provides a barrier against exposures by

wildlife. However, exposures may be experienced by burrowing animals if

these were to establish dens within the area of the fill. Nevertheless

these exposures would be minimal, based on the results of the test pit

investigation, which identified PCBs and metals in isolated areas, rather

than evenly distributed throughout the site.

3M.4 .2 Quantitative Assessment

Because no complete exposure scenarios could be identified in the

qualitative risk assessment, there is no basis for preparing a quantitative

risk evaluation.

3Q.U.3 Analysis of Uncertainties

The sampling locations for this site were based on reviews of

historical aerial photographs, geophysical surveys, and site inspections.

This information was used both for selection of surface and deep soil

sampling locations. Based on the results of these surveys, in addition to



the Phase I and Phase II analytical sampling programs for soils and ground

water at this site. It Is concluded that the data generated should be

adequate to characterize the site.

34.5 Preliminary Remedial Alternatives

The Phase I and Phase II sampling program for this site did not detect

surface soil contamination or contaminant migration via ground waters. All

constituents analyzed in the surface samples were within the ranges found at

the Refuge control sites. Deeper soil samples (1 to 7 ft. depths test pits) from

one area revealed a localized source of PCBs and lead. However, based on the

overall evaluation of site conditions, hydrogeology, ground water analyses,

surface and subsurface soil characteristics, the conclusions of the risk

evaluation are that the waste source is adequately isolated, and no complete

pathways were identified that might pose a risk to wildlife or humans under

present site conditions.
r

Based on the conclusions derived from the risk evaluation, potentially

applicable remedial efforts to be evaluated in the FS might include ground water

monitoring, limited site access, capping, surface water diversion, regrading,

and revegetating. Site characterization data generally support these remedial

technologies; however, in the event that excavation and transport of materials

is considered, additional sampling might be conducted to more accurately define

the waste source. Estimates for evaluation of remedial response alternatives in

the FS will be made based on available data including aerial photographs,

geophysical surveys, and the Rl sampling results.

A summary of potential remedial actions for this and all sites at the Refuge

is shown in Table 2 of the Executive Summary. The remedial technologies wil l

be reviewed in more detail as part of the FS.
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Any considerations for future land uses should be evaluated and approved

by the Refuge Management. Some of the potentially applicable remedial

measures for this site are reviewed below.

Limited Site Access

It may be advisable to reduce human and/or wildlife access to the

Water Tower site. Construction of a fence around the landfill area would

accomplish this, although maintaining a thick vegetative cover may provide

adequate protection since wastes are currently not exposed. Deed

restrictions may be incorporated to control future uses of the site.

Capping, Regrading, Control of Surface Water

To further limit the potential for exposure to subsurface

contamination, engineering controls such as capping may be instituted at

"•-" this site. Regrading and diversion of surface streams and drainage

channels may be implemented in lieu or in conjunction with the cap, to

protect surface soil erosion.

Monitoring - Croundwater

The . remedial response actions may include periodic sampling and

analyses of the four monitoring wells for PCBs and lead.
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34.6 Conclusions and Recommendations

It can b« concluded that the Water Tower Landfill site 'contains subsurface

''"*"' soil contaminants with the primary pollutants being PCBs and lead. It is

recommended that remedial alternatives for this site be evaluated In the FS.

Since the sampling results confirmed only subsurface contamination, remedial

efforts will focus on preventing future exposure to human or wildlife receptors.

Potentially applicable remedial measures to be evaluated in the FS include

regrading, surface water diversion, drainage controls, capping, limited site

access, and ground water monitoring.
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SECTION 35 - SITE 29. FIRE STATION LANDFILL

35.1 SUe Description

Site 29 is a large open field (roughly 350 ft. x 300 ft) southwest of the

Refuge Fire Station. (See Figure 35-1). The field was used for storage of

mining machinery until several years ago. Prior to that, the landfill was

reportedly used by Olin, and a fire is reported to have occurred. Debris is

visible on the northern and eastern embankments. The eastern edge of the

landfill drops four or five feet to a swampy area. Much of the debris consists

of concrete, metal, wire, and other 'machinery-related items. A slight sheen

was observable on the swamp water during one site inspection. Previous soil

sampling by DOI on the north side of the field detected lead concentrations up

to 553 mg/kg (Ruelle, February 1983). The landfill is suspected to contain

ignitable magnesium metal, according to the Refuge Manager. An empty

30-gallon drum labelled "Magnesium Powder" was found along the southern end

of the eastern face.

35.2 Site Investigations

35.2.1 Phase I Site Investigations;

A magnetometer and electromagnetic terrain conductivity survey was

conducted over the northeastern end of the field using grid spacings of

20 feet. (See Figures 35-2 and 35-3).

Four ground water wells were installed. Three shallow wells were

set within silty clay and silty sands to depths of 15, 25 and 30 feet.

The fourth well was installed at a depth of 23 feet in sandstone bedrock.

All wells screened the lower 10 feet of the boring.
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M«rcunr Ltv î Rrffect Ano(y«l> on SompJn
R«co<l«ct«d In Phowll.

G O'BRIEN & GERE
ENG'Ncecis irvc



FIGURE 35-2

SITE 29

hAAGNETOMETER SURVEY

S O'BRIEN & (SERE
ENGINEERS INC



MbUKfc,

SITE 29
ELECTROMAGNETIC SURVEY

40.0

N

]

H
35.0

C*TB* nw -i.oooo TI 10.oc

G ENGINEERS iNC



Seven composite soil samples (12 grabs each, at 0-1 ft depth) were

collected at grid locations along the eastern and northern faces of the

field. One soil from the eastern face was resampled for full organic*

analysis.

35.2.2 Phase II Site Investigations:

Ten test pits were dug to a depth of six feet, five pits along the

east face and five along the north face. One composite soil sample was

collected for each of the test pits along the east and north faces. Shallow

(0-1 ft. depth) soil samples 29-1 to 29-7 were resampled at the Phase I

locations for mercury analyses. Soil samples were also collected from the

ditch approximately 50 feet from the landfill edge to prepare a field

composite for the north and east ditch transects. The sample locations

are shown on Figure 35-M. The soil samples were analyzed for PCBs,

lead and magnesium.

The four monitoring wells installed in Phase I were sampled and the

ground water samples were analyzed for HSL CLP purgeables, pesticides,

metals, and cyanide.

35.2 .3 Site Hydrogeologic Characterization

35.2.3.1 Site Geology

Information obtained from the subsurface soil boring and well

installation program (Borings 29-8 to 11) indicates that the site is

underlain by approximately 13.5 to 28 ft. of unconsol(dated sediments

consisting of silty clay and clayey silt with trace sand content, overlying

a light brown, medium grained sandstone bedrock. The bedrock

encountered is similar to that encountered at most of the other sites. The
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silty clay/clayey silt overburden appears to be continuous throughout the

site (see Appendix B). Bedrock is also laterally continuous, as it was

encountered in all four on-site borings.

35.2.3.2 Site Hydrogeology

Occurrence of Ground Water

Shallow ground water occurring beneath the site was located

consistently within the silty clay/clayey silt overburden. Based on

inspection of saturation in soil core samples and ground water levels in

wells, ground water in this unit appears to be unconfined similar to other

areas investigated. Depth to ground water was found to range 1 to 7

ft. below ground level. Ground water elevations collected during the

winter and summer of 1987 (wet and dry seasons, respectively) indicate a

water table fluctuation of between 0.5 and 5 ft., with water levels

' dropping during the summer months (Table U-3).

Ground Water Flow Conditions

Ground water elevations from the shallow ground water monitoring

wells (29-8 to 11) were contoured and are presented on Figure 35-5. The

ground water flow direction shown in this figure indicates a flow direction

to the east, and towards an adjacent stream which flows southwest into

Grab Orchard Lake. The average hydraulic conductivity (K) was

calculated to be 1.56 ft/day. The hydraulic gradient (i) during June

18-19, 1987 was about 0.007 ft/ft as calculated from the four on-site

monitoring wells. Porosity was estimated to be 0.35 (Dov i s and Dewiest).

A calculation was then made of the average ground water flow

velocity (Vs) through the upper soil units. Using the formula given in

35-3



FIGURE 315-5

SITES 22, 29 &31 GROUND WATER FLOW MAPH " " r ? î̂ î"̂ H^^^~sisj«o
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Section 4.2. the resultant velocity was computed to be about 0.031 ft/day

or 11.32 ft/year. The flow velocity is controlled by the relatively low

hydraulic gradient and hydraulic conductivity of soils occurring in this

area.

35.3 Analytical Results (See Appendix I, Page 28)

35.3.1 Phase I Analytical Results:

The magnetometer and electromagnetic survey shown in Figures 35-2

and 35-3 confirmed that the northern and eastern edges of the field are

the areas containing metallic debris.

The metals values reported are estimated values to be used for

screening purposes (see Exhibit B). Lead concentrations in the soil

ranged from 20 to 280 mg/kg, consistent with the concentrations detected

at the control sites, except for sample 29-1 from the east face which

contained 410 mg/kg lead. Zinc levels of 23-929 mg/kg were

approximately two times the zinc levels detected at the control sites.

Magnesium was also somewhat elevated throughout the site ranging from

2,430 mg/kg to 35,100 mg/kg compared to levels of 1,210-1,380 mg/kg

detected at the control sites. The highest lead concentration was found

in the sample with the highest magnesium concentration. Mercury was

detected in six soils along the east and north at concentrations ranging

from below 1 ug/kg to 5.9 ug/kg but mercury analyses were questioned

due to QA/QC deficiencies and thus this parameter was reanalyzed in

Phase II. Sample 29-2 with the highest FID scan (19,123 ug/kg) of all

the soils was analyzed for CLP organics, but none were detected.
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35.3.2 Phase II Analytical Results:

The six soils resampted for mercury contained between 23-290 ug/kg,

which are higher than background for the Refuge. PCB levels in the

fest pit soils ranged from less than 0.40 mg/kg to 2.10 mg/kg wet weight

(less than 0.049 mg/kg to 2.56 mg/kg dry weight). Magnesium and lead

were detected In all of the samples ranging from 1,472 mg/kg to 40,268

mg/kg and 60 mg/kg to 2,355 mg/kg respectively (see Figure 35-4). The

samples collected from the landfill contained between 3,038 and 40,268

mg/kg magnesium, and between 60 and 1,451 mg/kg lead. The composite

samples collected from the north and east transects of the ditch contained

1,472 and 6,330 mg/kg magnesium, and 106 and 2,355 mg/kg lead. The

higher concentrations exceeded the levels for both metals at the control

site soils by more than one order of magnitude.

The ground water samples contained acetone (23-11,500 ug/L),

benzene (4 ug/L, below detection limit), iron (388 - 4,000 ug/L total and

less than 25 ug/L dissolved), manganese (43 - 1,790 ug/L total and 24 -

1,770 ug/L dissolved), selenium (less than 2.5-41 ug/L total and less

than 14-30 ug/L dissolved), and zinc (39-140 ug/L total and 16-78 ug/L

dissolved). Cyanide concentrations were below the detection level of 0.05

mg/L. The parameters which exceeded the Illinois Public Water Supply

and/or Federal Drinking Water standards were iron (standards of 1,000

(State) and 300 (Federal) ug/L), manganese (State and Federal standards

of 50 ug/L) and selenium (State and Federal 10 ug/L); however, dissolved

metals concentrations exceeded only the standard for manganese. Iron

and manganese are regulated compounds due to their objectionable taste

and color in water; the levels reported at this site do not pose a risk to

humans or wildlife. One sample which contained 4 ug/L benzene was

35-5



above the AWQC for human health of 1.5 ug/L. Acetone was the only

other organic detected but It was also present In the QA/QC blank.

Figure 35-1 Illustrates the results for mercury, magnesium and lead

at the site.

35.< Environmental Effects

35.U.1 Qualitative Assessment

35.4.1.1 Source Evaluation

The Fire Station site is an abandoned field where various waste

materials including mining machinery, are alleged to have been disposed

of in the past. The area is currently well vegetated with brush and tall

grasses. Some exposed waste materials are present along the north and

east faces of the site. There is a low area adjacent to the landfilled area

which contains standing water during wet weather months.

In general, little is known regarding the nature or origin of the

waste materials. There were no containerized or free phase chemical

wastes located during the sampling excavations. However, an empty drum

with markings indicating that it had at one time contained magnesium metal

was encountered. Based on the test pit explorations, it was determined

that the site contained solid waste of mixed origin. The field team did not

recognize any wastes such as beverage cans and food jars which might be

classified as municipal refuse. There is no information or record available

regarding the amount and chemical composition of the landfilled waste

materials. Therefore, this risk assessment will be based upon the residues

detected.
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The results of the analytical investigations are consistent with the

absence of chemical wastes at this site and the possibility that it may

have been used for the disposal of munitions wastes. There were no

organics detected in soils at this site. There were also no PCBs or

pesticides detected. The only organic chemical detected was acetone, which

was detected in ground water, but this may be attributed to residual

acetone on the sampling equipment following decontamination with acetone.

Acetone is also commonly detected as a lab blank contaminant. The

chemical components detected, including zinc, lead and magnesium, are

consistent with the potential use of the area for the disposal of munitions

wastes. These metals, specifically magnesium and lead, are commonly

encountered at munitions waste disposal areas. On the basis of the

concentrations at which magnesium and lead were encountered and the

potential acute and chronic toxicity of lead, magnesium and lead were

chosen as site indicators for the risk assessment. Toxicological profiles for

lead and magnesium are presented in Exhibit A.

35.4.1.2 Transport Route Evaluation

Air Route

The surface of the site is generally well vegetated. There were no

large areas of exposed wastes prone to erosion and dust generation

encountered during the course of the field investigation. Also, there was

no evidence of vehicular or foot traffic over the waste site which might

lead to the erosion of the cover and the generation of airborne dusts.

Because there were no measurable residues of volatile organic materials

detected in the soils sampled, it can be concluded that there are no vc'at-

ile wastes present on the site surface which might evaporate and be
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transported via the air route. On the basis of the above considerations.

It can b« concluded that the air route is not functional at this location.

The air transport route will not be considered further in this evaluation

except as applied to exposures to dust by burrowing rodents. Neither

humans or non-burrowing wildlife would receive exposures to contaminated
i
I dust particles, discussed above.

Direct Contact

As stated above, the surface of the landfilled area is covered and

generally well vegetated, with few exposed waste materials. Exposed

wastes encountered are limited to a few pieces of scrap metal and debris.

On this basis the direct contact route at the landfilled area is considered

to be non-functional. However, the direct contact route will be considered

in conjunction with the surface water transport route.

Ground Water

Analyses of samples of ground water collected from monitoring wells

located at- the periphery of the landfilled area contained detectable residues

of acetone. It has been suggested in the source characterization section

that the acetone residue may be an analytical or sampling artifact.

However, this cannot be substantiated. Also, manganese concentrations

above State and Federal standards were detected in ground water.

Therefore, the residues will be accepted as reported. On this basis, the

ground water transport route will be considered to be functional.
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Surface Water

It has" been established that the site Is currently covered by a layer

of vegetation and that there are few exposed waste materials in the

land filled area. Therefore, there is a low likelihood that waste materials

are being eroded from the site by the action of surface precipitation.

However, the landfill Is situated adjacent to a steep grade which terminates

at a ditch that drains into the wet area near the site. On the basis that a

steep grade and a temporary surface water body exist near the site. It can

be concluded that the surface water transport pathway can function at.

some time by scouring materials from the top of the landfilled areas and

transporting them to the wet area. It is also possible that leachate may

be generated and released along the face of the grade and be transported

with runoff into the ditch and adjacent wet areas. These mechanisms could

establish a source of waste materials for exposures via the ingestion and

direct contact routes.

On this basis, the surface water transport pathway will be concluded to be

functional at this location.

35.4.1.3 Receptor Evaluation

The area where the landfilled waste materials are located is a

considerable distance behind the Refuge Fire Station. This area is not

used for recreational or industrial purposes. This area is also not near

properties used for the propagation of agricultural commodities such as

meat and dairy products or grain. The primary human activity nearest to

this location Is related to the Fire Station. Consequently, human activity In

this area is expected to be very low. On the other hand, wildlife may

inhabit the area. The low wet area and adjacent wooded areas may be
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inhabited by wildlife such as small mammals and birds, as well as by

invertebrates and amphibians. The area may also be the habitat for deer.

'""""" There art no ground water users located in the area.

35.4.1.4 Summary of Complete Exposure Pathways

Based on the above considerations, it has been established that the

air and direct contact routes at the landfill surface are incomplete, based

on the non-functional nature of these transport routes. One eception is

noted for the air route: exposure to contaminated dusts by small rodents

which could burrow into landfilled areas. The ground water route has

been determined to be functional based on the detection of ground water

residues. However, there are no ground water users in the area.

Therefore, the ground water route can also be concluded to be incomplete.

The primary route determined to be complete is the .surface water

route, because of the possibility for erosion and transport of wastes

towards the adjacent ditch and wet areas, where wildlife or human

recreational users may encounter the materials. This transport and

exposure route will be considered in the quantitative assessment.

35.4.2 Quantitative Assessment

35.4.2.1 Estimate of Release and Exposure Rates

Surface Water Mediated Direct Contact Exposures:

The surface water transport route has been determined to be

complete. Transport by this route could result in the establishment of

residues of landfilled wastes in the ditch adjacent to the waste site and

and other surfaces at downstream locations. A direct contact scenario

involving wildlife or human receptors coming tato contact with waste
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residues In the ditch is possible, under a variety of circumstances.

However, human exposures are much less nkely to occur by this scenario

than would be exposures experienced by wildlife Inhabiting the wet areas.
«

- Levels of lead detected In the landfilled areas ranged from 60 to

2,355 mg/kg. One composite sediment sample from the north ditch showed a

'lead concentration of 106 mg/kg, while a composite sediment from the east

section of the ditch contained the highest lead level detected at 2,355

mg/kg. Assuming that humans will not repeatedly visit the site,,

exposures to soils in the ditch wilt be only on an acute (one time) basis.

Previous evaluations presented in this report (see Section 24.4.2) assume

that a human recreational user might ingest 100 mg soil during a four hour

recreational visit to any particular site. If we assume exposures to soils

in the ditch can occur highest concentrations of lead detected on the site,

the following exposure can be calculated:

,' 100 mg soil/visit x 2.35 ug lead/mg soil = 235.5 ug lead/visit,

235.5 ug lead/visit x 1/70 kg body wt. = 3.36 ug/kg/visit

The above calculation shows that, for a 70 kg human, this exposure

represents a single dose of 0.00336 mg/kg/visit. Compared to a reported

minimum chronic toxic dose of lead to a female subject over a 6 year

duration of 450 mg/kg (RTECS. 1986) and a chronic no effect level of 0.32

mg/kg/day (USEPA HEA September, 1984), the dose calculated for this

site represents a non-toxic level. For a worst case of three visits/year to

this site, every year during a 70 year lifetime, each resulting in

exposures of this magnitude, an annual lead exposure rat* of 0.027

ug/kg/day is obtained, over 10.000-fold below the chronic no effect level.

On this basis, it can be concluded that acute, and even chronic

exposures potentially experienced by recreators who might spend a day in

35-11



I the Fire Station Landfill area would not represent unacceptable exposures,

even under the scenario of repeated exposures described above.

• """ In contrast to the limited likelihood of human exposures at this site,
i. "~

~ wildlife, such as small mammals, birds and amphibians inhabiting the area

could experience chronic exposures to residues of lead and magnesium

present at the site. Since wildlife would likely roam over the lanclfilled

areas as well as the ditches, it will be assumed that such species are

exposed to lead levels equal to one-half the highest concentration detected

at the site or 1,177 mg/kg lead. The typical wildlife direct contact

exposure estimates used in previous sections have been based on a field

mouse, deer, rabbit and bird; these species will also be applicable for the

wildlife assessment at this site.

Using the soil ingestion and inhalation rates presented in the wildlife

risk assessment for the Job Corps Landfill (Section 24.4.2), potential

«.•,,„„/ receptor wildlife species at this site may be exposed to the following levels

of site lead residues:

Estimated Daily (Chronic) Intake • Lead

Specie*

Deer
Mallard
Rabbit
MOUM

Body
••1 ght
(kg)

£0
1
1.0
0.03

Inhalation Rat*

ua/kg/day

NA
u*

NA
2.3

Inoettlon

ug/kg/day

6.3
• • •

16.8

11.2

Total

•g/ko/day

6.3
'1.2

16.8

11.2

NOTEs Se« Table 24-1 (Section 24.4.2.2) for •uunptlont.
MA - Hot Applicable

t oug t e e a e o iet oi toxicity data on these species

of wildlife, these dosages of lead, when evaluated in comparison to the

previously cited USEPA chronic no-effect level of 0.32 mg/kg-day for

humans (which was generated on the basis of rat studies) indicates that
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the doses calculated above may represent levels at which chronic toxicity

could be experienced by wildlife.

. L'

35.4.2.2 Toxlcological Assessment

The above analysis indicates a low likelihood for humans to come into

contact with wastes present in the vicinity of the landfilled materials.

However, even in the case where a human might encounter and ingest

"worst case" amounts of eroded wastes, the dose experienced would not

be likely to cause the human to experience toxic effects.

In contrast to the limited potential for the waste materials to

represent an unacceptable risk to human receptors, it is possible for

wildlife in the area to ingest residues of lead associated with eroded

wastes at concentrations which would represent toxic effects under a

chronic exposure scenario.

35.U.3 Analysis of Uncertainties

The following are the major factors which should be con- sidered

when evaluating the uncertainties associated with this evaluation:

1) The waste materials present within the landfilled areas have not been

comprehensively characterized. Therefore, the actual amounts,

physical state and chemical composition of the waste source may not

be consistent with the identities and concentrations utilized in this

evaluation.

2) There is limited information available on the concentrations and

distribution of waste materials present in the ditch and wet areas

evaluated as part of the surface water mediated direct contact
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exposure route. The concentrations assumed in the quantitative

assessment may be overestimated, thereby overestimating the actual

risks experienced by wildlife.

- 3) There are no data available on the chronic toxicity of lead to wildlife

suitable for use in evaluating the residues predicted at the site

studied. The chronic effect level used in this

assessment to evaluate potential toxicity to wildlife has been derived

for humans, on the basis of laboratory animal studies. Differences

in body weight and surface area, as well as metabolic considerations

and wildlife disease states, represent an unquantifiable level of

uncertainty which could effect the reliability of the risk estimates

regarding wildlife presented in this assessment.

35.5 Preliminary Remedial Alternatives

Based on the site investigations and the analyses of environmental effects,

remedial actions aimed at reducing exposure to lead residues in soil by wildlife

might be required. In addition, removal or containment of soil may be required

in some areas of the landfill, particularly if additional characterization shows

the presence of EP Toxic Sediments.

The contaminants detected ouuve Refuge uackground levels include lead,

magnesium, mercury and zinc in soil matrices. Most soil samples including

surface and test pits (to a depth of 6 ft.) were taken along the limits of the

fill area, as evidenced by the grade along the north and eastern edges, and

thus exhibited high metals concentrations. A field transect taken approximately

50 ft. away from the grade apparently was beyond the limits of the fill along

the north face, since it contained levels of magnesium and lead similar to the

35-14



range for Refuge background soils. The limits of the landfill along the eastern

face may extend beyond 50 ft. from the eastern grade since the data for the

-''east face transect sample contained levels of lead and magnesium similar to the
t . " --»T .

levels found in the samples from the edge of the landfill.

The unfiltered samples of ground water contained iron, manganese, and

selenium above the State Public Water Supply standards, but the metals were

mostly associated with particulates and thus would not be expected to migrate

readily in the groundwater table. Moreover, iron and manganese constituents

were not considered to pose any health concerns at the levels detected.

Any future land uses should be evaluated prior to approval by the Refuge

Management. Some of the potentially applicable remedial actions for this site

are discussed below. A summary of the potential response options for this site

is included in the Executive Summary (Table 2).

Limited Site Access
*'

It may be advisable to limit human and wildlife exposure to water or

soils at the Fire Station Landfill through construction of a fence around

the site. Access could be controlled by the installation of locked gates to

ensure that only authorized personnel enter the site. Deed restrictions

might be imposed to limit future uses of the site.

Removal or Containment of Soil

One alternative to control the migration of metals offsite might

Involve capping the edges of the landfill with a clean, relatively

impermeable cap. Additional sampling may be warranted to further define

35-15



the limits of the landfllled area and the extent of contamination in the east

wetlands. EP Toxicity analyses might be conducted to determine if the
11 ,«'

lead wastes are hazardous.

Monitoring - Ground Water

Follow-up remediation efforts may include periodic sampling and

analyses of the four monitoring wells for lead, magnesium, manganese,

mercury, and zinc.

In addition, studies to verify the adequacy of the cleanup might

begin immediately following remediation.

35.6 Conclusions and Recommendations

It can be concluded that the Fire Station Landfill site is impacted with the

principal pollutant being lead. It is recommended that remedial alternatives for

V..,' this site be evaluated in the FS. Potentially applicable remedial measures

include removal or containment of contaminated hot spots, surface water control

measures and ground water monitoring.
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SECTION 36 - SITE 32, AREA 9 LANDFILL

" —' 36.1 Site Description ^

Area 9 Is a manufacturing site on the Refuge. It was leased to Sangamo

Electric Co., Capacitor Division from 1946 to 1962 and is currently leased to

Olin Corporation. The area is comprised of a Building Complex and an inactive

landfill located adjacent to the buildings (See Figure 36-1). Sangamo Electric

manufactured various types of capacitors, utilizing aluminum, electrolytes, mica,

silver, lead foil, and PCBs. Olin Corporation currently uses the buildings to

manufacture explosives. Over the years, a number of other companies have

occupied Area 9, according to the Refuge files, including, but not limited to,

machining and metal fabricating industries, electrical components, and

explosives manufacturing industries.

The Area 9 Landfill was reportedly used during the 1950s and early 1960s

for disposal of wastes from capacitor manufacturing operations. The landfill
Hl|,,|,/

was closed in 1964 (Ruelle, July 1984). When the landfill was active, wastes

were burned, compacted in a swale and covered (Adams, May 24, 1984).

Specific types of components that may have been disposed include some

containing lead, acetate, PCBs (Aroclor 1254 and 1242), and PCB combustion

products. Other possible disposed materials from capacitor manufacturing may

have contained mica, silver, cyanide, aluminum hydroxide, aluminum oxide,

gold, copper, zinc, hydrochloric acid, styrene, nitric acid, phosphoric acid,

and borates. Other industrial wastes may include cyanides, printing inks and

lead-based explosives. In addition, waste oils and debris were reportedly

burned and covered with soil. The Jandfill was aJso possibly used for disposal

of wastes generated in the manufacture of explosives. The landfill is I oca tec.
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about 100 yards south of Crab Orchard Lake and 100 yards east of the building

complex.

The limits of the landfill are discernible by changes in the topography and

vegputton, revealing an area of approximately 2.5 acres with an estimated fill
-S —

*
thickness of 8 to 10 feet in the middle and 6 feet at the edges. The landfill is

covered by a thick growth of tall grass except where waste materials are

exposed. The volume of the landfill is estimated to be from 16,000 to 35,000

cubic yards. Materials visible on the surface appear to be electrical components

consisting of small capacitors, capacitor parts, chunks of a golden resin, and a

number of 3-inch steel cuplike pieces.

A magnetometer survey conducted by DO I suggested that the majority of

wastes are buried along the eastern and northern edges of the landfill. (See

Figure 36-2). Runoff from the landfill can drain into an intermittent creek and

into Crab Orchard Lake.

Three ground water monitoring wells were installed in the vicinity of the
,s

landfill in late 1983 prior to the Phase I investigation (Cifford, 1984). (See

Figure 36-1, Wells COW1-COW3). The wells were installed in silty sand to

depths of 29, 35.5, and 30.5 ft., and screened the bottom 5-10 ft. of the

boring. Boring logs from previous investigations by Illinois EPA at the Area 9

landfill reveal that the site is underlain by a minimum of 7.5 feet of clay. The

silty day is reported to be upwards of 30 feet thick north of the landfill and 25

feet thick south of the site. Croundwater, at locations around the landfill, was

reported to be 2 to 24 feet below the surface during different time periods

(Clifford, 1984).
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36.2 Site Investigations

36.2.1 Ph«s« I Site Investigations:

Nine compositing stations were established within the landfill area for

collection of soil samples. (See Figure 36-1). Samples were obtained

from one-foot intervals from the surface to a depth of 12 feet.

The exact boundaries of the landfill are unknown because

contaminants could have washed from elevated portions of the landfill onto

the lower surrounding area. To identify the extent of contaminant

transport from the landfill to surrounding areas, surface soil subsamples

were collected at 3-foo* intervals along each of six transect lines, two

each on the east, south and west side of the landfill as shown on Figure

36-1. The soil composites at each depth (top, mid, and bottom cores)

were analyzed for PCBs. indicator compounds and PCDD/PCDF screening.

A composite for each grid location (0-12 ft depth) was analyzed for the

full priority pollutants screen.

Crab sediment samples (0-1 ft depth) were also collected from six

locations along the intermittent creek adjacent to the landfill. The

sediments were screened for priority pollutants, metals, explosives, and

cyanide.

36.2.2 Phase II Site Investigations:

Thirty surface soil samples were collected from the lowland area

northeast of the landfill. These samples were collected from a 5 sample

by 6 sample grid with grid points approximately 100 ft. apart. Twelve

sediment samples were also collected from the lake embayment downstream

(north) of the landfill. (See Figure 36-3). The soil and sediment

samples were analyzed for PCBs and lead. Five of these soils were

analyzed for full CLP organics also.
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Twenty-four surface and nine core soils collected in Phase I were

reanalyzed in Phase II for mercury, chromium, and lead. Mercury was

reanalyzed because the Phase I results were questionable due to QA/QC........ ,

deficiencies.

Three additional monitoring wells were installed during Phase II

(Figure 36-3). Well 32-63 was installed south of the landfill near well

COW-1, one of the three wells installed in 1983. COW-1 could not be

located. Further information describing the wells installed prior to the

RI/FS is provided in Section 36-1. Wells 32-63 and 32-109 in Phase II

were installed in silty and silty clay soils to a cjepth of 15 feet and

screened from 10 to 15 feet. Well 32-109 was nested with well 32-110.

Well 32-110, an artesian well, was installed on top of bedrock at 82.5 feet

and screened within sandy soils from 77.5 to 82.5 feet. The five

monitoring wells (including the wells installed prior to this Rl) were

sampled and ground water samples were analyzed for full CLP organics,

metals, low level nitrosamines and cyanide.

In addition to the soil and water samples, several capacitor parts

were found either buried or partially buried along the drainage ditch

northeast of the Building Complex. The capacitor casings and contents

were analyzed for PCBs and lead, as were several soil samples collected

from the area where they were found.

36.2.3 Site Hydrogeological Characterization

36.2.3.1 Site Geology

Information obtained from the subsurface soil boring and well

installation program indicate that the site is underlain by approximately

77 feet of unconsol (dated sediments overlying sandstone bedrock. The
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particular sequence of soil units encountered in the deep well No. 32-110

consisted of alternating coarse to fine sand and silty clay units 5-25 feet

thick. Similar to other sites, the bedrock was overlain by a sand layer.

This area contained, however, additional sand layers not found in other

sites. Since no other deep borings were drilled in this area, the lateral

extent of the sand layers is not known. Typical of the area, the bedrock

encountered at a depth of 77.5 feet consisted of a gray, medium grained,

sandstone with the upper 1-2 feet highly weathered.

36.2.3.2 Site Hydrogeology

Occurrence of Ground Water

Shallow ground water occurring beneath the site was located about

5-12 feet below ground surface in June 1987 within upper silty clay and

fine sand layers. Ground water levels were higher during the wet season

(Dec. 1986) by about 3-10 feet. Ground water in these units appears to

be unconfined similar to other areas investigated. Ground water

occurring within lower portions of the soil sequence on top of bedrock

was found to be confined and yielded a continuous flow at ground

surface of about 5 gal/min. Ground water within underlying bedrock was

not investigated.

Ground Water Flow Conditions

Ground water elevations from the shallow monitoring wells were

contoured and are presented on Figure 36-tt. The ground water flow

direction exhibited in this figure indicates a flow to the northeast toward

Crab Orchard Lake. The hydraulic gradient of flow (i) during June

18-19, 1987 was about 0.015 ft/ft. The average hydraulic conductivity
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(k) was calculated to be about 0.56 ft/day from the five shallow

monitoring wells. The porosity (n) was estimated to be 0.35 (Davis and

, , Dewiest).

A calculation was then made of the average ground water flow

velocity (Vs) through the upper soil units. Using the formula given in

Section 4.2, the resultant velocity was calculated to be about 0.024

feet/day or 8.7 feet/year. The flow velocity Is controlled by the

relatively low hydraulic gradient and hydraulic conductivity occurring in

this area.

An upward vertical flow potential was identified from the

unconsofidated aquifer screened by the deep well 32-170 into the upper

water table. This phenomenon indicates discharge of deep ground water

toward adjacent Crab Orchard Lake, similar to the shallow ground water.

36.3 Analytical Results (See Appendix I, Page 29)

36.3.1 Phase I Analytical Results:

Figure 36-1 presents the results of PCB analyses within the Area 9

landfill. The PCBs are generally present above the TSCA criterion of 50

mg/kg only on the surface (0-1 ft) except for the eastern edge of the

landfill area. PCBs above 50 mg/kg were observed at the 6 ft depth in

the northeast (grids no. 6 and 8). Grid number 7 was the only station

where soils contained PCBs above 50 mg/kg at the 12 ft depth. (See

Figure 36-1).

PCB levels in the soil samples from the transects on the north,

south and east sides of the fill area were above 50 mg/kg at the surface,

immediately adjacent .o the landfill but were below 50 mg/kg on the

adjacent transect on all sides. (See Figure 36-1). Sediments in the

36-6



drainage channel upstream and downstream of the landfill contained wet

weight PCB concentrations of 0.86-1.6 mg/kg. and 0.8-11 mg/kg,

respectively, while PCBs were undetected (less than 0.5 Pfl/kg) for all

the 3 ft. and 6 ft. depths of the downstream sediments.

Lead concentrations ranged from 11 to 29 mg/kg in 0-3 ft. composite

sediments from the creeks around the landfill, and from 0.9 to 25 mg/kg

in the 0-12 ft. composite soil samples from the landfill that were analyzed

for lead. However, the metals concentrations reported are not supported

by QA/QC (see Exhibit B). Selected Phase I grab soil samples which had

not been previously analyzed for lead were resubmitted during the Phase

II program for analysis of lead, mercury, and chromium. The reanalyses

were considered necessary due to the uncertainty inherent in the Phase I

analyses, and also to better quantify the levels present in the grabs at.

specific depths. Nine out of 32 soil samples reanalyzed showed lead

concentrations outside the common range of 2-200 mg/kg in soils

(Lindsay, 1979). Figure 36-1 shows the lead concentrations for these 9

samples ranging from 205 to 8,570 mg/kg.

The remaining samples showed lead levels similar to the Refuge

control sites. Figure 36-1 shows the results for lead from the Phase II

reanalyses. Further discussions of the metals analyses are given in the

next section. Phase II Analytical Results. Full analyses of organic

priority pollutants were conducted on each of the nine boring composites

(0-12 ft depth). The concentrations of heavy metals and other

contaminants present in the composite samples from the landfill did not

differ significantly from those at the control sites.

The results for PCDD and PCDF isomers in soils are presented on

page 30A of Appendix I. A separate data listing is included to illustrate
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the actual dloxln/furan to PCB ratios compared to the ratios which would

be expected based on the PCB concentration for that sample. The

purpose of calculating this ratio Is to determine if dioxlns/dlbenzofurans

are elevated due to burning products of PCBs. If this were the case,

- then the dioxin/furan to PCB ratios would be higher than the expected
\i

normal ratios for PCBs. The Table lists a concentration for each peak

detected in the scan (Isomer No.) and a total concentration for each

compound. This total concentration was compared to the average PCB

concentration detected in the same sample to develop a ratio of PCDO or

PCDF to PCBs. An average PCB concentrations was used because the

analyses were conducted in duplicate (one reported by ETC Laboratories

and one reported by OBC Laboratories).

Based on studies conducted by T. Sawyer and S. Safe et.al.(1982,

1984, 1985) relative to PCB isomers and congeners, the expected fraction

of PCDD and PCDF isomers associated with a measured PCB concentration

can be calculated. The 'equivalent1 fraction of dioxins and furans is

determined by a conversion factor or Keq value. The Keq value is based

on 1.00E-05 for 2.3.7.8-TCDD.

The results for Area 9 Landfill showed positive detections above the

ratios which would be expected for TCDF, PCDF, and OCDD compounds.

TCDF levels ranged from 0.14 to 26.3 ug/kg in 7 out of 12 samples.

PCDF was detected in one sample at 0.34 ug/kg. OCDD levels ranged

between 0.6 and 20.6 ug/kg in 9 samples. There was no specific pattern

discernable in the distribution between dioxins and furans.

36-8



36.3.2 Phase II Analytical Results

PCB concentrations in surface samples from the lowland area

downgradient of the landfill were all below 5 mg/kg with the exception of

three of the thirty samples taken. These excursions were noted at

Locations 32-71, 32-92, and 32-94, with 21,8.1, and 18 mg/kg wet weight,

respectively. (See Figure 36-3).

PCB concentrations in sediment samples from the lake embayment

area near the landfill showed a maximum concentration of 4.09 mg/kg,

while all other lake sediments (locations 32-97 through 32-108) contained

PCB concentrations below 0.65 mg/kg. (See Figure 36-3).

The five ground water monitoring wells sampled during Phase II all

exhibited PCB concentrations below 0.045 ug/L. All downgradient ground

water concentrations (less than 0.005 to 0.037 ug/L) were less than the

upgradient concentration of 0.044 ug/L. There are no state or federal

standards for PCBs in water. However, PCBs in four of five monitoring

wells exceeded the Ambient Water Quality Criteria for human health. PCB

concentrations detected in ground water are likely associated with

suspended particulates in the well, since these compounds have a high

affinity for and adsorb tightly to the silty clay soils at the site. The

presence of PCBs in suspended solids in the wells may result from

contaminated surface sediment introduced during installation of the well,

natural fluctuations in water levels causing particulates from the upper

soil layers to be washed to the lower levels where the well is screened,

or by adsorption of soluble PCBs onto the suspended matter already

present in the well. Well 32-63 was found to contain 92 mg/L of chromium,

which exceeds the Illinois Public Water Supply Standard and Federal VCL

of 50 mg/L. However, the dissolved chromium concentration of 1.2

ug/L for this sample was within all applicable standards.
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Acetone and methylene chloride were detected but were also present

as contaminants In the QA/QC blanks. All other concentrations were

within these standards. Of the 30 Phase II soil samples from the low lying

-area northeast of the landfill that were analyzed for lead, only one

sample (32-76) contained lead concentrations significantly in excess of the

concentrations detected at the control sites, with 5573 mg/kg (See

Location 32-76, Figure 36-3). All other concentrations were well below

the background level of 200 mg/kg. The Phase I soils from the landfill

reanalyzed under Phase II generally contained concentrations within the

refuge background levels for chromium.

Mercury levels ranged from less than 0.023 to 0.035 mg/kg, which

are similar to the concentrations found at the control sites. Lead

concentrations in the landfill were above the typical range of 2-200 ppm

in soils (Lindsay, 1979) for nine out of 32 grab soils that were reanalyzed

in Phase II. The lead results for selected samples which ranged from 205

to 8,270 mg/kg are shown in Figure 36-1. The lead concentrations in the

remaining samples were similar to the levels detected at the control sites.

Only traces of organic compounds other than PCBs were detected at the

landfill.

Acetone, methylene chloride, dl-n-buthylphthalate and isophorone

were detected but these were also present in the QA/QC blanks. The

analytical results for the capacitors found at Area 9 showed positive

detections for PCB Aroclor 1254 for the cylindrical and square capacitors,,

(See Page 30B of Appendix I). A composite of five smaller capacitors

tested positive for PCB Aroclor 1242. Some capacitors did not contain

detectable concentrations of PCBs. The soil samples collected from the

area where the capacitors were found also contained PCB Aroclor 1254 at
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concentrations between 1.100 and 88.000 mg/kg wet weight. The capacitor

casings were also analyzed for lead and were found to contain between

136 and 20,000 mg/kg wet weight of lead. The soil samples contained

Je»d ranging from 1,810 to 20,500 mg/kg wet weight (1.880 to 37.600

mg/kg dry weight).

36.4 Environmental Effects

36.4.1 Qualitative Assessment

36.4.1.1 Source Evaluation

The results of the site investigations, as described in the preceding

sections, determined that the Area 9 Landfill was used for disposal of

wastes arising from the manufacture of capacitors. A variety of waste

materials were disposed of at the site, including lead and PCBs. Most of

the wastes are situated on the western and northern boundaries of the

landfill. Runoff from the landfill can reach Crab Orchard Lake via

intermittent creeks. The results of the Phase I and Phase II

investigations indicate that PCBs are the major contaminants identified

within the landfill site itself, while lead was the principal contaminant

found in the lowland area below the landfill.

PCB levels were generally highest in the northern and western

sectors of the landfill, with values in the 0 to 1 foot cores ranging from

2,100 mg/kg up to 13,000 mg/kg (Figure 36-1). Subsurface contaminant

levels were considerably lower. Sediments taken from intermittent creeks

draining the landfill showed low-level PCB contamination ( 0.8 to 11

mg/kg in six creeks sampled). Several soil samples from the landfill and

some off-site creek sediments reanalyzed in Phase II contained elevated
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levels of lead, ranging from 205 to 8,270 mg/kg, although no pattern of

contamination was evident.

Isomers of tetrachlorodibenzofurans (TCDF) ranging from 12 to 28

ug/kg were detected In three soil samples at this site. Detection of

polychlorinated dibenzo/dloxins (PCODs) and poly chlorinated

dibenzofurans (PCDFs) present a cause for concern due to the wide range

of acute and chronic toxicity observed for one member of these classes;

2,3.7.8-tetrachloro- dibenzodioxin (2,3,7,8-TCDD). 2,3,7.8 - TCDD is

highly toxic under acute exposure, and produces a number of chronic

disorders including but not limited to immunotoxicity, teraogenicity and

reproductive toxicity, and it is a suspect human carcinogen. There are

very strict molecular requirements for production of toxic effects by

these chemicals at a biochemical level, due to required interactions with

receptor molecules in target tissues. 2,3,7,8-TCDD, and to a lesser

extent 2,3,7,8-TCDF appear to have the optimum spatial and electronic

requirements for toxic potential of all the isomers in these two classes of

chemicals. However, there is no evidence at present that 2,3,7,8-TCDF

or other Corners are carcinogenic in either animals or humans. Removal

of chlorine or substitution at other ring positions greatly diminishes

observed acute and chronic toxic effects relative to 2,3,7,8-TCDD.

Addition of chlorine to PCDDs and PCDFs also decreases toxicity. Thus,

a mixture of hexachlorodibenzodiozins was shown to be only a weak liver

carcinogen in rodents while octachloro-dibenzodiozin is non-carcinogenic.

In view of detection of a TCDD in only one site sample, lack of

information on the carcinogen!city of the TCDFs and on the isomeric

composition of the site TCDI and TCDF, quantitative risk estimates for

these site contaminants are inappropriate at present.
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Chromium was found in one ground water sample in excess of Illinois

Public Water Supply Standards and the Federal MCL. However, the

dissolved chromium concentration for this sample was within all applicable

standards. Trace PCB concentrations below 0.045 ug/L were detected In

the ground water samples. Based on this analytical survey and th«

non-threshold and threshold toxicity of these chemicals, PCBs and lead

were chosen to serve as site-indicator contaminants for the purpose of

this risk assessment. The physicochemical and toxicological properties of

PCBs and lead are summarized in Exhibit A. Both PCBs and lead adsorb

tightly to the silty and silty clay soils observed at this site (see Section

36.2). This property is the dominant factor determining the

environmental transport and fate of these compounds. The measured

soil hydraulic conductivity at this site ranges from 4.0 x 10 to 2.32 x

10~ ft/sec. The transport of PCBs and lead are significantly retarded

by this type of soil.

36.4.1.2 Transport Route Evaluation

a) Air: Exposures to PCBs in the vapor state as a result of volatilization

from high residue levels in soil were discussed in Section 24.4.2.1,

and were determined to contribute approximately 8 percent of the

total airborne exposure. In addition, the existence of exposed soil

containing tightly adsorbed contaminants in some areas of the site,

dusts generated by wind erosion, or the activities of endemic wildlife

constitute a functional route for conveying PCBs and lead to

on/off-site locations via the air route for subsequent exposures by

receptors in those areas.
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b) Direct Contact; Due to the presence of site indicator contaminants in

exposed wastes, soils, and sediments in the area, exposures by the

direct contact route are possible.

c) Surface Water: One main creek northeast of the landfill serves to

drain the site and Crab Orchard Lake is 100 yards downgradient of

the landfill. Furthermore, sediment analyses from the creeks showed

the presence of both PCBs and lead. Therefore, the surface water

transport route is considered functional via precipitation-initiated

runoff events which convey soil- and sediment-bound site

contaminants towards Crab Orchard Lake.

d) Ground Water; Estimates of contaminant transport via groundwater

were prepared for PCBs and lead. Using the groundwater flow

velocity calculated in Section 36.2.3 (0.024 ft/day) and an average

PCB concentration of 0.020 ug/L for the three shallow downgradient

monitoring wells, a worst case estimate of 0.20 mg/day PCBs could

potentially reach the lake. This is based on a plume depth of 30 ft

and width of 500 ft. since, based on the analysis of one deep well

(32-110) which was screened at a depth below 30 ft., the lower

aquifer did not contain detectable contaminants. The same values

were used with an average dissolved lead concentration of 1.8 ug/L,

resulting in an average mass loading below 18 mg/day lead. However,

the actual loadings to the lake will be less than this value since

several interfering mechanisms take place between the well point and

the water discharge to the lake. PCBs and lead exhibit particularly

strong affinities for soil and suspended particulates, and would not

be expected to migrate significantly either vertically or horizontally.

A significant percentage of PCB residues, if these were actually
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present in ground water, will be removed by soils; dissolved lead

species may also precipitate by interaction with soil matter to reduce

the levels reaching the lake. Furthermore, the contaminants will be

diluted by several orders of magnitude upon reaching the lake, and
-

some persistent residue levels may adsorb to suspended solids in the

water column and eventually settle.

Based on the detection of minimal site contaminants in

groundwater, limited transport as demonstrated above, and no ground

water uses at this site, this exposure route is incomplete and will not

be considered further in the risk assessment.

36.4.1.3 Receptor Evaluation

Human

The Area 9 Landfill is situated in a non-populated area adjacent to

an industrial facility, and is fenced. Therefore, the only potential human

receptors would include facility employees, site trespassers possibly

including children, and (given the closeness of the site to Crab Orchard

Lake) occasional recreational users of the Refuge. The number of human

receptors is very low and exposure will be of a transient, non-chronic

nature. Specific scenarios for human exposure to site indicator

contaminants will be developed in the following sections. The transport

route evaluation identified three functional transport mechanisms: the air

route, the direct contact route, and the surface water transport route.

Exposures will generally occur only in the vicinity of the landfill, with

the possible exception of downgradient creeks and lowlands near the lake,

and consumption of fish taken from the lake. The following are the most

likely human exposure scenarios for the functional transport routes.
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a) Direct Contact: The most probable human exposure scenario would be

exposure to site indicators via direct contact with surface residues

at the landfill and to sediments in the several intermittent creeks

-* that drain the landfill. These exposures will be on a one time- or

very limited basis and of a short term nature. The small number of

Olin facility employees constitute one group of potential receptors.

Trespassers gaining access to the fenced landfill area or hikers

traversing contaminated creek sediments may also be exposed to

contaminants via direct contact. Although the landfill is generally

well vegetated, there are areas of exposed wastes and soils that could

serve as a potential source of exposure. The most likely mode of

entry of contaminants into the body would be incidental ingestion of

soil-bound residues adhering to the skin, clothing, or shoes,

acquired by direct contact with exposed wastes.

b) Air Route: Dusts generated by wind erosion or foot traffic over

exposed waste areas constitute the major source and mechanism for

exposure via the air route since the site contaminants are soil-bound

and non-volatile. As with the direct contact pathway, the

receptors include facility employees and other passersby who may

breathe contaminated dusts while traversing the landfill. These

exposures will also be acute in nature.

c) Surface Water Route: Monitoring of sediments of intermittent creeks

draining the landfill indicate that low concentrations of site

contaminants have migrated from the landfill, presumably by surface

water runoff. The presence of PCB residues in sediments of Crab

Orchard Lake near the Area 9 Landfill site (Section 2.6.1) suggests

that transport of contaminants to the lake is occurring. Therefore,
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some degree of exposure is possible from the consumption of fish

taken from the vicinity of the source which have accumulated site

" residues in edible tissues.

d) As presented in the preceding section, transport of site contaminants
-s'

to Crab Orchard Lake sediments presents a functional human

exposure pathway via ingestion of residues accumulated in fish.

Wildlife

Due to the industrial nature of this site, the diversity and

abundance of habitat may be relatively less than at other, less restricted

areas of the Refuge. Nevertheless, the vegetated landfill provides

adequate habitat for invertebrates and small vertebrates, and the nearness

of Crab Orchard Lake creates the opportunity for exposures to aquatic

populations. Occassionally. deer have been seen within the landfill area;

however, these animals have not shown any impact from PCBs or lead at
'

the site based on studies summarized in Section 2.7.

a) Direct Contact: Wildlife inhabiting the landfill such as invertebrates

and small burrowing rodents will receive both acute and chronic

direct contact exposures to site contaminants bound to soil dusts

during burrowing activities. Exposed waste areas present a functional

direct contact route exposure path for birds while feeding, ingesting

grit, and dusting. Subsequent ingestion of soil-bound residues while

preening or grooming is the principal means of entry into the body.

b) Air Route; Inhalation exposures of wildlife to dust-bound site

contaminants will follow the direct contact scenario described above.

Exposures to PCBs due to their volatilization from soils were

evaluated in Section 24.4.2.1, and also contribute to this exposure
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route, especially for small rodents which would be In intimate contact:

with soils during extended periods (e.g. within a burrow).

c) Surface Water; Transport of site contaminants to Crab Orchard Lake

from the landfill via runoff of sediments creates a functional chronic

exposure pathway for aquatic organisms in the bay area of Crab

Orchard Lake. Exposures will be relatively greatest for benthic

invertebrates and bottom-feed ing fishes such as catfish.

d) Ingestion: Implied in all three wildlife exposure pathways discussed

above is the ingestion of site contaminants via soils, dusts,

sediments, and prey consumed in various activities. In addition,

herbivores may consume contaminated dusts on seeds and vegetation

and fish, birds (i.e. ducks, herons) and other aquatic organisms

may inadvertently ingest contaminant-bearing sediments while

• feeding. Site contaminants, especially PCBs, are prone to accumulate

in aquatic food chains, adding to the importance of the ingestion

route of exposure.

36.U.2 Quantitative Assessment

Because of the relatively greater magnitude of PCB residues at this

site compared to lead, and because of potential for non-threshold toxicity

presented, the quantitative assessment will focus primarily on PCBs as

the site contaminants of greatest concern. Exposure to lead residues will

be addressed due to the presence of lead in non-fenced areas of the site.
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36.4.2.1 Estimates of Release and Exposure Rates

Estimates of Exposures by Direct Contact

Th« qualitative assessment for the Area 9 Landfill has determined

that direct contact represents a functional exposure pathway for humans
\\ ^ '

and wildlife. However, PCBs and lead are tightly bound to soils and

sediments, and are poorly absorbed through the skin. Therefore, dermal

absorption of contaminants is not expected. The scenario consists,

instead, of ingestion of bound residues picked up through direct contact

with soils and sediments. Therefore, the contribution of this route of

exposure will be addressed in the section below on ingestion exposures.

Estimates of Airborne Exposures

The qualitative portion of this assessment has established that the

air pathway represents a complete exposure route. The pathway consists

of breathing of contaminated dusts at the landfill site by occasional human

activities (visits by employees of the adjacent Olin facility, trespassers,

etc.), and by burrowing and dusting activities of wildlife. The general

approach and assumptions used to estimate airborne human and wildlife

exposures is given in Section 24.4.2.1 of this report. Using this approach

for a four hour excursion by a facility employee or trespasser in a sector

of the landfill containing exposed wastes, and assuming a mean surface

PCB soil level of 3,200 mg/kg, a total exposure to PCB of 166 ug/day,

or 2.4 ug/kg body weight is obtained as an inhalation exposure rate.

Assuming three such visits to the site per year, a chronic inhalation rate

of 0.02 ug/kg/day is derived. It should be realized that such a scenario

does not technically define a chronic exposure, and is essentially invalid

on toxicological grounds. However, regulatory agencies currently suggest

this approach to estimate the "worst case". The acute worst-case

inhalation exposure level of 2.4 ug/kg is far lower than would create any

concern for acute toxicity. Using a representative intermediate lead soil
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concentration of 4,000 ing/kg, a one day exposure of 3.0 ug/kg is

estimated under the same worst case conditions. The contribution of

inhaled residues'to total acute intake is discussed in Section 36.4.2.2,.
^* <• i ?..
"True chronic inhalation exposures are likely, however, for smalt burrowing

#- '
mammals at the site. Using a breathing rate value of 0.006 m3/hour for a

~J
30 g mouse (U.S. EPA 1985) and creation of a 10 mg/m3 dust containing

3,200 mg/kg of PCBs during 1 hour of daily burrowing, a daily chronic

exposure of 6.4 ug/kg/day is obtained for inhalation of dusts. In addition,,

although PCBs exhibit a low vapor pressure it will be assumed that at the

concentrations found in surface soils the air is saturated with PCB vapors,

This assumption would not likely hold at low levels of PCBs in soil due to

the absorptive forces of these compounds with soil. Small rodents living

in burrow areas at the site would inhale these saturated vapors. The

assumptions used to derive an exposure level for PCB vapors were detailed

in Section 24.4.2.2. Applying a similar rationale for rodents living at the

Area 9 Landfill, mice might inhale 1.09 mg/kg/day if exposed to saturated

vapors during 16 hours inside a burrow. The total inhalation exposure

from PCBs is thus (1.09 + 0.0064) = 1.1 mg/kg/day.

Exposure to lead, on the other hand, would be mainly through

inhalation of dusts during burrowing. For lead concentrations in

soil/sediment at 4,000 mg/kg, the exposure rate would be 5.6 ug/kg/day.

The significance of these exposures is discussed later in Section 36.4.2.2.

Estimates of Ground Water Exposures

It has previously been determined that the ground water exposure

pathway is Incomplete at the Area 9 Landfill and therefore will not be

considered quantitatively.
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Estimates of Surface Water Exposures

In view of • functional transport mechanism for conveying site

"*"' contaminants to Crab Orchard Lake via runoff events. th« surface water

.pathway is complete. The actual mechanism of exposure will be via

ingestion of contaminants accumulated from residues present in sediments

of a bay of the lake adjacent to the landfill. Therefore, exposures by this

route will be discussed in the following section on ingestion exposure.

Estimates of Ingestion Exposures

Ingestion exposure of site contaminants at the Area 9 Landfill and

contiguous sites has two components: ingestion of soil-bound residues

acquired by direct contact with waste materials, and bioconcentration and

foodchain accumulation of PCBs in a nearby bay of Crab Orchard Lake,

with potential exposures to humans and terrestrial wildlife consuming

contaminated aquatic organisms. The basic approach and assumptions used

to estimate human and wildlife exposures by direct contact and ingestion

of contaminated soils have been discussed in Section 24.4.2.1, the

quantitative assessment for the Job Corps site. Using the worst case

assumption that an individual ingests 100 mg of soil as a result of an

excursion into an exposed waste area of the Area 9 Landfill, and that the

mean surface level of PCBs is 3,200 mg/kg, an ingestion rate of 4.6

ug/kg/visit Is estimated for a 70 kg adult. Using the same assumptions

and a exposed surface soil lead concentration of 4,000 mg/kg, an acute

Ingestion of lead is estimated at 5.7 ug/kg/visit. Wildlife PCB intake rates

from ingestion of contaminated soil at the site during feeding or

grooming are detailed in Section 36.4.2.2, Quantitative Assessment.
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Estimates of intakes to piscivorous mammals such as mink and otter,

which could be exposed to residues of PCBs from ingestlon of fish in the

area of the Area 9 Embay ment, are presented in Section 38.4,

Environmental Effects for Crab Orchard Lake. Exposures to fish-eating

birds (bald-eagle, osprey, duck) is also addressed in Section 38.4.

Ingestlon of residues found in the water of the Area 9 Embayment are

possible for terrestrial mammals. Water intake rates for such species will

be assumed to be 10 percent of body weight for hervibores and 30 percent

of body weight for carnivores. The PCB concentration in a water column

sample taken from the lake, just outside of the embayment was 19 ng/L

(ppt). Assuming this concentration is representative of the bay area

water, it is estimated that the three hervibores evaluated (mallard duck,

rabbit and mouse) each receive an exposure of 1.9 ng/kg/day.

36.1.2.2 Quantitative Risk Assessment

Human Risks

Human exposure at the Area 9 Landfill will be extremely limited. With

the installation of a chain link fence around the landfill in 1984, the

direct contact and airborne pathways described above may very well be

incomplete. Visits by Olin employees would be presumably authorized with

appropriate protective equipment used, and excursions by hunters and

hikers are eliminated. Only intentional trespassing onto the landfill would

provide a complete pathway. Human exposure estimates for airborne du-

st-bound PCB residues (2.4 ug/kg/day) and direct contact ingestion of

soil-bound residues of PCBs (4.6 ug/kg/visit) provide a total estimate of

7.0 ug/kg/visit for this scenario. This intake is far lower than any that

would be cause for concern from acute PCB toxicity. Chronic PCB
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exposures are not possible for this site and it would be inappropriate to

derive estimates for such.

U.S. EPA (1987) developed a drinking water health advisory,

however, for short term exposure to PCBs (Aroclor 1254) in drinking

water. Selecting a representative no observed adverse effect level of 1

mg/kg/day based on effects on liver weight in rats exposed for seven

days, an acceptable short term, 10 day, exposure level in humans of 0.7

mg/day, or 10 ug/kg/day for a 70 kg adult, was derived. Apportioning

the upper level acute exposure estimate for a trespasser within the Area 9

landfill over a period of 10 days, results in a daily intake of 0.26

ug/kg/day, a level within the short term acceptable exposure limit. This

estimated intake level assumes that a trespasser may be exposed as a

result of one excursion during this 10 day period, since, due to the

presence of a tall locked chain-link fence surrounding the property,

successive daily visits are not reasonably assumed at this site.

Similarly, for lead, exposure to surface soils containing 4000 mg/kg

by the ingestion and inhalation routes would produce a total acute intake

of 8.7 ug/kg/visit. In comparison, U.S. EPA (1980) established an

acceptable daily intake of 1.4 ug/kg/day for chronic lead ingestion in

drinking water. Therefore, acute lead exposures under worst case site

conditions would pose minimal risk.

An additional avenue for human exposures is consumption of fish

taken from the bay which connects with Crab Orchard Lake.

PCB-contaminated sediments provide a source for bioaccumulation of

residues. Associated risk levels due to consumption of fish from Crab

Orchard Lake are presented in Section 38.1, Environmental Effects for

Crab Orchard Lake.
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Inhalation Ingest Ion Total

Food Water Exposure
(•gAg/day) (ng/kg/day) (ng/kg/day) oq/kg/day

NA 30.%

0.026 45.6

1.09 30.4

1.9 30.4

1.9 45.6

1.9 31.5

Restricting access to the landfill also reduces the potential for deer to

acquire site contaminant residues which could be ingested with venison.

Although deer have been seen at the landfill, previous studies (see Section

2.7) have shown no contamination in deer hunted In the vicinity of this

site.

Wildlife Risks

Estimates of total PCB intakes in receptor species of wildlife are

given below:

E«t1»ated Dally PCB Intake

Body.
Specie* »e1ght

kg

Mallard 1.0

Rabbit 1.0

HOUM 0.03

Note: S*e Table 24-1, Section 2*.*.2.2 for assumptions.

NA - not applicable
These estimates indicate that wildlife exposures to site-related PCB

residues may be greatest among small mammals on the landfill such as

rabbit, mice, chipmunks, and the like. These animals will be exposed

primarily via ingestion of contaminated soil and vegetation dust while

burrowing, grooming, and feeding on dust-bearing seeds arid

invertebrates. Given the broad range of demonstrated possible PCB

effects, the potential for interspecific sensitivity, and limited data on

effects of PCBs on wildlife species, it is difficult to gauge the

significance of these exposures. Using data from controlled tests with

laboratory strains of animals, intake levels as high as 21000 ug/kg/day

may not be sufficient to induce liver pathology, reproductive success,
*

teratogenic effects, or neoplasia (U.S. EPA 1980). However, "the
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possibility for behavioural, immunological, or other subtle effects at these

exposure levels which decrease competitiveness and survival in wild

species cannot be discounted. Also, assuming that ingested PCBs are

accumulated in these small mammals to some degree, a complete,

non-quantifiable exposure pathway may exist for small predators such as
i'

skunks, weasels, and hawks which are able to gain access to the landfill

while hunting.

Lead exposure in smalt burrowing mammals and other terrestrial

wildlife may also present risks from chronic effects. For instance, using

the previous exposure scenarios and a 4,000 mg/kg lead soil content, a

chronic intake of 38 mg/kg/day is estimated for a mouse. These exposure

levels could very likely produce behavioural, reproductive and other

chronic effects if maintained at the assumed levels.

In contrast, exposure of aquatic wildlife or organisms feeding in the

lake bay adjoining the landfill appear to be low. Ingestion rates of PCBs

estimated to occur by consumption of contaminated fish by piscivorous

birds and mammals are discussed in Section 38.4. Adverse effects to

benthic organisms or species using PCB-contaminated sediments as a

spawning substrate are possible but cannot be predicted from available

data.

36.4.3 Analysis of Uncertainties

Among the areas of uncertainty in this analysis are the adequacy of

the analytical data base and the set of assumptions that were selected to

analyze human risk at the site. PCB analyses were sufficient to derive a

representative soil level for the exposure assessment. However, lead

content of site soil was extremely variable, with most sites showing only
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background values. In order to conservatively estimate potential risks, a

soil lead content of 4000 mg/kg was selected as representative, based on

a range of samples with elevated lead of 205 to 8270 mg/kg. Other as-

sumptions were also biased towards an upper bound worst case, in order

to be most protective of public health. Some of these include consideration

of trespassing across a chain link fence around the site, the presence of

significant amounts of exposed contaminated soil, and ingestion of very

large amounts of soil during these incursions. TCDF was not chosen as a

site indicator contaminant for analysis due to lack of information on

whether a toxic isomer of TCDF, such as the 2,3,7,8- isomer, was pre-

sent.

Further, there is no evidence at present that TCDF poses a

non-threshoid carcinogenic risk comparable to PCBs, or that significant

amounts of TCDFs bound to soil can be absorbed if ingested

(Paustenbach, 1986). If this situation should change in the future, a

revised risk assessment should be made.

Two other principal areas of uncertainty exist in addressing the

risks posed to wildlife by chronic exposure to PCBs at the landfill site. A

lack of documentation on the effects of PCBs on wildlife species which

might be found on the site necessitated the use of studies involving

laboratory rodents and rabbits as surrogates. The relative sensitivity of

these species is unknown. Similarly, the chronic effects of benthic aquatic

organisms to residue levels of PCBs found in the bay connecting with

Crab Orchard Lake are largely unknown. Virtually all controlled toxicity

assays are performed with toxicant in the water column only, which may

be inadequate to determine the risks to benthic organisms exposed to

contaminants in bottom sediments and interstitial waters.
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Two main problems with conducting assays with non-water soluble

contaminants are: 1)the water does not acquire a high enough

concentration of the contaminant to indicate that there Js a problem,

usually measured by mortality rates; and 2)bioassays are short term, 96

hours or less, and severe chronic impacts cannot be measured in this

short time span. Interstitial water spun off in a centrifuge is now being

used in bioassays to determine the toxicity of non-water soluble

contaminants.

36.5 Preliminary Remedial Alternatives

The sampling data and the risk assessment described in the previous

sections indicate the presence of contaminants in soil which will require

remediation. Contaminated areas containing PCB levels above 50 mg/kg are

have been highlighted in Figure 37-4 and include some soil pockets up to 12

feet depth in the landfill. The sediments in the lowland area northeast of the

landfill contained PCB levels below 5 mg/kg, with the exception of three

samples (see Figure 36-3}. The samples collected from the lake embayment

adjacent to the site contained PCBs below 1 mg/kg with the exception of one

sample (4.09 mg/Kg) taken close to the shoreline. Remediation of the site

might address alternative measures for controlling potential leaching of

contaminants to surface runoff and lake waters.

The criterion for cleanup for PCB contamination in surface or drinking

waters, grazing lands, and vegetable gardens is set by EPA on a site specific

basis and will be addressed in the FS. Based on the assumptions developed in

Section 36.4, the contaminant levels do not pose long-term risks to chronically

exposed wildlife or repetitive site visitors. It should be noted that these

long-term, repetitive exposures are highly unlikely for humans, since the site
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is somewhat isolated and site access is restricted by a tall fence and locked

gates. However, If this scenario were possible, it Is estimated that the risk

levels to humans due to PCBs could be 40 to 400 fold greater than would be

considered acceptable. Thus, reducing exposure to surface PCB levels In soil

to between 7 to 70 rog/kg will reduce risks to an acceptable range of 10 to

10 for humans. This level is also 14 to 1.4 lower in magnitude than the no

observed effect level for protection of the most sensitive species of wildlife from

chronic effects (see Section 24.4.2.2). Exposures to wildlife under an example

cleanup level of 50 mg/kg PCBs were presented in Section 24.5.

Other contaminants detected in the soils above the levels for Refuge

background include lead and mercury; however, remediation of the site for

PCBs will also include those areas contaminated with lead or mercury. The

ground water samples contained traces of PCBs below 0.045 ug/L. Total

chromium in one well sample exceeded the standard but the corresponding

dissolved concentration was below the standard. Some alternatives for

remediation of contaminated Lake water in the embayment area adjacent to the

Landfill might also be addressed as part of the remedial efforts for this site.

Lake samples offshore from the Area 9 embayment (see Section 38) contained

PCBs in the range of 0.008 to 0.019 ug/L in water columns and up to 77 ug/kg

in sediment samples; however, only one water sample exceeded the ambient

water criteria for aquatic life protection of 0.014 ug/L (24-hour average). All

water samples were below the AWQC acute toxicity level of 2.0 ug/L for

protection of aquatic life.

A summary of the potential remedial response actions and associated

technologies for this site is presented in Table 2 of the Executive Summary.

Remedial measures including excavation, capping, regrading, revegetating, and
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surface water diversion will be evaluated in the FS for this site. A brief

discussion of the potential responses is included below.

Limited Site Access
MM^WaMM^MM^^Ha^M^MM«»w^^^M^ '•*.

Currently the site is enclosed by a tall fence which remains locked

at all times. Access to the site is further limited by a locked gate at the

entrance of the access road to the Landfill. Continued site access

limitations will greatly reduce the potential for human and/or wildlife

exposure via the water or direct contact with soils/sediments. The site

may require site use limitation until all contaminated materials have been

removed or adequately contained.

Surface Water Control

Dikes or trenches for diversion of surface runoff could be

constructed in the lowland area and around the landfill to preclude

contamination of lake waters.

Removal or Containment of Soil and Sediment

Contaminated soil might be excavated and removed for treatment

on-site or off-site or regraded and contained on-site in a secure landfill.

Based on the sampling results from this RI, dependent on depth of

contamination, soil to a depth of 6 or 12 ft may require removal or

containment. Containment or removal of selected sediments will reduce the

potential for surface and ground water contamination. Clean fill will be

used for regrading and capping. Several abandoned munitions storage

bunkers on the Refuge could be used as industrial cells if retrofitted for

containment of treated wastes.
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On-SlU or Off-Site Treatment

Technologies such as Incineration, vitrification, solidification or

fixation should be considered for PCB contaminated soils. .* .,-•

ft

Monitoring

The remedial response might Include periodic sampling and analyses of

sol I/sediments and of five site monitoring wells for chromium (waters only),

lead and PCBs. Follow-up studies might begin immediately after

remediation to verify the adequacy of the cleanup.

36.6 Conclusions and Recommendations

It can be concluded that the Area 9 Landfill Site is impacted, with the

primary pollutants being PCBs, lead, and mercury. Exposure to the site has

txsen minimized by a chain-link fence. It is recommended that remedial

alternatives for this site be evaluated in the FS. Potentially applicable remedial

measures include removal or containment of contaminated soil and sediments, as

well as ground water and surface water monitoring.
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SECTION 37 - SITE 33. AREA 9 BUILDING COMPLEX

37.1 Site Description

Further information on Area 9 can be found in Section 36.1. Site 33
• ̂ jir

consists of the Area 9 Building Complex currently occupied by Olin Corporation
- •>

and used primarily for the manufacture of explosives. (See Figure 37.1).

From 1946 to 1962, Site 33 was occupied by Sangamo Weston, Inc., Capacitor

Division to manufacture power factor capacitors. AC motor run capacitors, and

a variety of DC capacitors.

The components utilized by Sangamo in its operations were of various

types and included aluminum, electrolytes, mica, and silver and lead foil. The

Division also manufactured small transformers that used mineral oil as a

dielectric. Subsequently, Olin Corporation has been using the industrial

facilities at the site to manufacture explosives.

Previous soil investigations at Area 9 include one study conducted by

Einvirodyne Engineers for the Olin Corporation in 1984. The focus of that

study was to identify the extent of PCB contamination in soil. The analytical

results (PCB analyses) a^e presented in figure 37-1. The soil samples collected

adjacent to Buildings 1-1-23 and 1-1-2 contained PCB levels above 50 mg/kg wet

weight. Some isolated samples collected along the sides of the access road to

the Area 9 Landfill also contained elevated PCB concentrations.

37.2 Site Investigations

37.2.1 Phase I Site Investigations:

The objective of the Phase I soi impling was to define the horizontal

and vertical limits of contamination. The sampling locations were selected

based on data from previous investigations for Olin Corporation and
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included, drainage pathways (located from aerial photographs), locations in

close proximity to buildings, and transportation routes used to dispose of

solid wastes. A total of 188 individual soil samples were collected,

/Including surface, 0-1 ft., 1-2 ft., and 2-3 ft. depths. These samples

represented 102 distinct locations within the Complex. (See Figure 37-2).

37.2.2 Phase II Site Investigations:

Additional soil samples were collected from 61 new locations and at

greater depths (up to 6 ft.) for selected Phase I locations. Phase II was

performed to more clearly define the extent of contamination. These

samples were collected adjacent to contaminated areas identified in Phase

I, at deeper locations, or from areas downgradient of Phase I samples,

and also from several drainage ditches to trace the extent of migration.

(See Figure 37-3). The soil samples were analyzed for PCBs; in

addition, three of these soils were analyzed for the full list of priority

pollutants. Three ground water monitoring wells were installed and

sampled. These wells were installed to depths between 14 and 20 feet

within silt and fine sand soils and were screened at the lower five feet of

the boring. The ground water samples were analyzed for the full list of

CLP organics, nitrosoamines, explosives, metals, and cyanide.

37.2.3 Site Hydrogeologic Characterization

37.2.3.1 Site Geology

Information obtained from the subsurface soil boring and wel

installation program indicates that the site is immediately underlain by

silty clay at least 25 feet thick. Since deeper well installations were not

performed at this site, it is not possible to describe with any degree of
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: ' certairity the soft types and thicknesses occurring beneath the silty day.

However, information from nearby Site 36 (Area 9 Landfill) indicates that

•̂  the sand'layers occurring there may continue beneath this fjte. Similarly,
" ' -•$!» i ^^-^

£raTOwogh bedrock was hot encountered during drilling at this site.

^"extrapolation of that surface between known data points on 'hydrogeologic
• '••

cross-section A - A1 (Figure 4-2) indicates bedrock may occur at a depth

of 70 feet.

37.2.3.2 Site Hydrogeology

Occurrence of Ground Water

Ground water occurring within the three site wells which screen the

shallow ground water table indicate an upper water table occurs about 6

to 14 feet below ground surface. Ground water elevation data collected in

June 1986 indicates a higher water table of 5 to 8 feet occured during that

period. Since no deeper wells were installed at this site, the nature of

the ground water occurring in deeper portions of the unconsolidated

sequence could not be evaluated.

Ground Water Flow Conditions

Ground water elevations octalned from the site wells on June 18-19,

1987 were contoured and are shown on Figure 36-4. Ground water flow

directions interpreted from the figure Indicate flow to occur both

northeast and southwest off of a divide located near the southeastern

end of the Ofhv Complex. The reason for^the reversal of ground water

flow to the southwest fs most likely the presence of a shallow Intermittent

stream and swale located in this area. Surface water receives ground
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water discharge from the^ southwestern portion of the site, then flows

north Into,Crab Orchard Lake*f . : -„.. . ... . . . . .

Lake was calculated far, this site. J*o velocity "̂ calculations could

made to the southwest due to limited data points. The hydraulic

gradient (I) to the northeast averaged about t.011 ft/ft. The average

hydraulic conductivity (K) from wells 33-341 and 33-342 was calculated to

be 1.3 x 10~ ft/sec, or 1.12 ft/day. Porosity was assumed to be about:

0.035 ft/day, or 12.8 ft/year, from data collected in June 1987.

37,.3 Analytical Results (See Appendix I, Page 30)

37.3.1 Phase I Analytical Results:

Figure 37-2 shows the sampling locations and detected PCB levels in

soils. The results supported the findings of Olin Corporation, in which

the most significant locations for PCB contamination are adjacent to

Buildings 1-1-2 and 1-1-23 where PCB concentrations exceeded 1,,5CO

mg/kg. The results also identified two drainage ditches where

contaminated storm runoff or spills have caused PCB migration from the

site. Apparently, these drainage routes receive runoff water from areas

surrounding Buildings 1-1-2 and 1-1-23.

A third drainage ditch originating in the Complex which passes east

of the landfill and discharges to Crab Orchard Lake did not show

'•̂ -evidence of contamination (PCB concentrations below 1 rag7kgV. The old

roadway access from the Building Complex to the landfitt showed only
V

Isolated sampling locations where PCB concentrations exceeded 25 mg/kg.

The locations where PCB levels exceeded 25 mg/kg were limited to the

surface and/or upper 1 ft. of s4l near the landfill access.
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a- TN,v softs collected along the west face of Building 1-1-23 ranged

Tram 9*^4ftJO.OOO mg/kg wet weight PCBs at the surface. Three soil

CQ£ps cojtlctedjwithln 30 ft. of the building contained eJf yafed PC8 levels

i of 3 ft'. ' PCB: concentrations In most sampl«ŝ 6one%d from the

further from the building exceeded SO mg/kg at the surface (0-1

ft.), but were betow that criterion in the subsurface (1-3 ft. depth)

samples.- • Two surface (0-1 ft depth) samples collected away from the

building along the drainage ditch to the north contained PCB

concentrations of 1200 and 1300 mg/kg wet weight.

The extent of PCB contamination (above 50 mg/kg wet weight) in the

vicinity of Building 1-1-2 was, for the most part, limited to the immediate

areas surrounding the building and up to the access road. Some grab

samples collected from either side of the access road and one collected

close to a drainage route toward the lake also contained PCB

concentrations that exceeded 50 mg/kg. Four soil cores collected at a

depth of 3 ft. contained PCB concentrations in excess of 50 mg/kg also.

1 The results for PCDD and PCDF isomerc in soils are presented on

page 30A of Appendix I. A separate data listing is included to Illustrate

'the comparison of actual dioxin/furan to PCB ratios compared to the ratios

which would be expected based on the corresponding PCB concentration

for that sample. The purpose of calculating this ratio is to determine if

dloxins/dlbenzofurans are elevated due to burning products of PCBs. If

this were the case, then the dloxln/furan to PCB ratios would be higher

than the expected normal ratios for PCBs. The Table lists a concentration

"for each peak detected m the scan (isonwr rie.j •<*} • U*ta2 concentration

for each compound. This total concentration was compared to the average

PCB concentration detected in the same sample to develop a ratio of PCDD

-**&&$&Stel̂  - r "*.-.•
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or PCDF to PCM* An average PCB concentration was used because the

analyses were conducted In duplicate (one reported by ETC Laboratories

and one reported by OBC Laboratories). . '

i_. Based on studies conducted by T. Sawyer and S. Safe et.al.(1982,

M« 1985) relative to PCB isomers and congeners, the expected fraction

of PCDD and PCDF isomers associated with a measured PCB concentration

. can be calculated. The 'equivalent1 fraction of dioxins and furans is

determined by a conversion factor or Keq value. The Keq value is

derived based on 1.00E-05 for 2,3,7,8-TCDD.

The results for Area 9 Building Complex showed positive detections

above the ratios which would be expected for the sample collected in front

of Building 1-1-23. The dibenzofuran isomers ranged from 28 to 219

ug/kg; the highest concentrations were associated with HxCDF (249

ug/kg). and PCDF (158 ug/kg), whereas the more toxic TCDF was

detected at 28 ug/kg. The dioxins ranged from less than 0.11 for TCDD

to 169 ug/kg for OCDD. The other soils contained traces of OCDD (6.2

to 9.7 ug/kg), and PCDF (less than 0.08 to 0.17 ug/kg) above the

detection levels.

Four soil samples (0-1 ft. depth) screened for full priority pollutants

did not contain any other organics at concentrations above the detection

limits. However, the volatile and semi-volatile organic data for Phase I

are questionable due to QA/QC deficiencies or unreliable support data

,, (See Exhibit B); some compounds which were not detected may in fact be
2* .

.̂ present. _ .<,_

: All measured concentrations for metals were similar to those detected

at the control sites. The metals screening data are included in the data

listing as estimated values.
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Phase 41 Analytical Results^

>Tfcriijjround* water samples were , collected at the Building Complex.

detected at concentrations oCO.093 uq/L .XWelJJjfcftO* .adjacent

luftdlng 1-1-23), t.114 ug/k (\Ntl 33-34U dowftgradie^ from Building

, and 0.006 ug/L (Well 33-342, on, the oppcjtfU. end of the Complex,

to Building 1-1-28). These concentrations exceed the Ambient Water

Quality Criteria for human healttu. In .addition, wells 33-340. and 33-341

contained concentrations of chromium (113 ug/L and 50.0 ug/L

respectively that exceeded the Illinois Public Water Supply Standards and

Federal MCLs. However, the dissolved chromium levels below 1.3 and 1

ug/L for wells 33-340 and 33-341 respectively, were below the standards.

Traces of volatile organics were also detected in Well 33-341,

including t-1,2-dichloroethene (404 ug/L) and trichloroethene (906 ug/L).

The detected concentration of trichloroethene exceeded the AWQC of 18.4

ug/L for protection of human health. All other ground water parameters

were below regulatory standards.

Three soils from the Phase II sampling were analyzed for full CLP

organics and metals. Some organics (other than PCBs) were detected,

including 1.2.4-trichlorobenzene (23,500 ug/kg in Sample 33-222), and

2-chloronaphthalene (6820 mg/kg in sample 33-270). Metal concentrations

were generally within the ranges found at the control sites with the

exception of one soil sample which contained 1400 ug/kg mercury (sample

4I3»2t1 at »-J ft. depth). Mercury was not elevated in the other soils

ftfyzed for metals/ ,?:- i • • » . . • ^
V

The detected PCS concentrations supported the findings from Phase
if:'1*

I and provided the necessary data to better define the areas of

contamination, (See wet weight PCB concentrations in Figure 37-3). The
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results showed contamination along the two drainage paths from Buildings

1-1-23 ar*e?'f-1-2. Some samples contained levels above 50 mg/kg wet

^weight,up-*to^1 feet depth, but PCB concentrations were Mty.below that
4^' • • • '*'?* "^3ft-' ''**'' i

level Th samples collected at further distances from the 'bufldfngs. Core

and surface sediment samples along the northeast drainage route
s *

downstream from Building 1-1-2 were taken up to where the creek enters

Crab Orchard Lake. The last soil core (location 1(0) did not contain

detectable PCBs to 1 mg/kg, from a high 4,100 mg/kg wet weight at the

surface of the first soli core from the drainage path.

Soil cores to 3-ft. depths and surface samples were also taken from

the drainage route from Building 1-1-23. The PCB levels along this

drainage ditch ranged from 4,780 mg/kg to below 1 mg/kg wet weight. In

addition, the surface sediments collected from the Area 9 embayment as

part of Site 32 provided characterization for the area where the creeks

entered the lake. Most sediments from the embayment contained PCB

levels below 5 mg/kg wet weight, with the exception of two samples close

to the lake boundary which contained 6.1 and 18 mg/kg PCBs. Figure

37-3 shows the sampling locations and the PCB concentrations along the

ditches for the Building Complex. Soil cores collected from the lawn in

front of Building 1-1-23 supported the Phase I findings and showed that

PCB levels were elevated In the Immediate vicinity of the building up to a

depth of ( ft,

The area around Building 1-1-23 ts currently enclosed with a tall

chain link fence. In addition, the immediate vicinity of the Building is

roped off. The contaminated area is not mowed therefore the grass is tall

and thick. PCB concentrations were well below SO mg/kg In the soil

samples (up to 3 foot depth) collected from the lawn area about 100 ft

- " v -*.' . . " • • • - ; i4* .• ?- ~
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from the building. Similarly, soil cores from the 3 ft. and 6 ft. depths

adjacent to the concrete pad outside of Building 1-1-2 contained PCB

levels that exceeded SO mg/kg wet weight. The cores collected further
* •••.- '* • --'̂ " îiK^*3^

jifr»* th« building exhibited high PCB levels only at tht O^ft; depths.
'It- •• .- '
r «*• W€t weight PCB concentrations In Figures 37-3 and 37-4.

37.lt Environmental Effects

37.4.1 Qualitative Assessment

37.4.1.1 Source Evaluation

The results of the site investigations, as described in the preceding

sections, determined that the Area 9 Building Complex has been used in

the manufacture of capacitors, and explosives. Soil analyses of the site

have shown the presence of several materials including PCBs,

trichlorobenzene and chloronaphthalene. Three soil samples at the site

contained tetrachlorodibenzofuran (TCDF), isomers unspecified, ranging

from 0.14 ug/kg to 26.3 ug/kg. An unspecified isomer of

tetrachlorodibenrodloxin (TCOD) was detected in one of these samples at

0.09 ug/kg. Trichloroethene, PCBs and t-1,2-dichloroethene were

detected in site ground water at levels up to 906 ug/L, 0.114 ug/L. and

404 ug/L, respectively. No other contaminants in excess of Illinois

General Use Water Supply Standards were found or any other water-

criteria or standards.

The areas contaminated with PCBs at concentrations above SO mg/kg

~ are identified in Figure 37-4. The total area has been estimated to be

approximately 13 acres. The principal areas involved are immediately
•a

adjacent to Buildings 1-1-23 and 1-1-2, and two drainage paths leading

from them (Rgure 37-4).
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II

SECTION 38 - SITE 34, CRAB ORCHARD LAKE

38 .,1 Stte Description

^SIU 34 Is comprised of Crab Orchard Lake (See Figure 38-1), which was

formed In 1940 by construction of a spillway across Crab Orchard Creek. The

lake has a surface area of 6,965 acres, a maximum depth of 30 feet, and 72,525

acre-feet of storage capacity. The retention time is 0.8 years (Kelly and Hite,

19H1).

Water enters the lake through several creeks, including the Crab Orchard

Creek at the eastern end of the lake. Water exits the lake through the

spillway at the western end and through use of 280,000 gpd by the Refuge.

The eastern section of the lake has been bordered by manufacturing

operations since the 1940s. Additional background on the site can be found in

the introductory sections of this report. Previous investigations for water and

sediments of Crab Orchard Lake are described in Section 2.6.

38 .2 Site Investigations

38.2.1 Phase I Investigations:

Five water samples from current or potential drinking water sources

were collected:

1. The Crab Orchard Refuge Treatment Plant Intake sample was

collected at the intake structure under the grating and labeled

as "Refuge Intake". The nearby Tederal Penitentiary also

derives its water supply from the Refuge water treatment plant.

2. The City of Marion WTP Intake sample at Marion Reservoir was

taken by the dam at the intake structure and labeled as "Marion

Intake".
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3. .The Marion Reservoir Auxiliary Intake sample at Crab Orchard

Lake was taken from the lake prior to the intake structure; it is

referred to as the "Marion Reservoir Intake.* ...""JBliT'

4. The Refuge Finished Water sample was taken from the tap at the
«,' • '

Refuge Fire Station and labeled "Refuge Treated" (also treated

supply for Penitentiary).

5. The Marion Rnished Water was sampled from the city water tap,

and was labeled "Marion Treated".

These samples were analyzed for drinking water quality parameters

and PCBs. The Marion Reservoir Auxiliary Intake has historically been

used only once or twice within the last fifteen years, as stated in Section

2.5. According to the City Engineer, the City of Marion currently uses

Herrin Lake as a backup supply, rather than Crab Orchard Lake. Crab

Orchard Lake will no longer be used to supplement the Marion Reservoir

except as a last alternative. It is thus not a current drinking water

source, but a potential drinking water source.

Thirty fish composite samples were collected from Crab Orchard Lake

including bass, carp, bullhead, and catfish species. Fish samples

consisted of single species composites of the edible tissue portions of two

to five fish. The fish sampling Vocations are shown on Figure 38-3. The

analyses of the fish samples were performed as part of the Phase II inves-

tigation .

3E.2.2 Phase U Site Investigations:

The five current or potential public water sources were resampled and

analyzed for nitrosamines. PCBs, metals and cyanide. Ten composite water

columns were collected from the lake at .three depths (see locations in
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Figure 38-2): at the surface, mid-depth, and near the bottom. These

samples were analyzed for cadmium, chromium, lead, arsenic, cyanide,

PCBs, and low-level nltrosamlnes. Ten grab sediment samples were

Collected and analyzed for seml-volatlles, pesticides, PCBs. metals, and

cyanide. Thirty (30) fish composite samples collected In Phase I were an-

alyzed during the Phase II investigations for pesticides, PCBs, lead,

mercury and cadmium. Each composite consisted of two to five individual

fish of a particular species, including composites of bass, bullhead, carp,

and catfish. The analytical procedures were performed on a homogenized

composite of the edible tissues for each sample point. Specific procedures

for filleting (skin-on, skin-off}, blending, and digesting were detailed in

Addendum No. 3 to the QAPP, March, 1987.

38.3 Analytical Results (See Appendix I, Page 32)

38.3.1 Phase I Analytical Results:

All the concentrations of detected contaminants in the current or

potential water supply samples were below the Illinois Public Water Supply

Standards and Federal drinking water standards with the exception of two

samples which exceeded the Federal MCL of 0.05 mg/L for manganese. It

should be noted that the water standard for manganese is established

based on aesthetic concerns of taste, or odor; thus, exceedance of this

standard does not constitute a health concern. These samples represented

the Marion intake (0.09 mg/L) and the Refuge treated water (0.28 mg/L).

As shown In Exhibit B, the Phase I metals analyses are questionable

because of QA/QC deficiencies. The City Marion treated water contained

concentrations of bromodichloromethane (17 ug/L) and chloroform (180

ug/L) which exceeded the Federal MCL of 100 ug/L for total
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trihalomethanes for the Refuge Treated Water Supply slightly exceeded the

, Federal Drinking Water MCL of 100 ug/L. These compounds are likely

j^££fer*e4al* a result of chlorination. Corrective measures have been taken

^j?** the Refuge Water Treatment Plant to reduce levels of trihalomethanes.
. :^JF?-Z
".. ̂ Acetone, methylene chloride and isophorone were also detected but were

also present in the method blanks. Cyanide levels (0.09 mg/L but not

. detected in the duplicate) in the sample from the City of Marion treated

supply were above the Illinois General Use and Public Water Supply stan-

dards, but below the lifetime health advisory of 154 ug/L for cyanide in

drinking water.

Three take waters contained low parts per trillion levels of PCBs.

MB Locations 1B, 2C, and 60 (Samples 34-6, 7, 11) contained 0.008, 0.019

{ and 6.009 ug/L respectively; but only sample 34-7 at location 2C exceeded

•P the chronic AWQC of 0.014 ug/L for protection of aquatic life. PCBs were

t ^ not detected in any of the other lake water samples (detection limit 0.005

-, , ug/L). (See Figure 38-2.) Traces of arsenic (2.0 to 3.4 ug/L),

chromium (1 to 7 ug/L) and lead (1.2 to 9.2 ug/L) were detected, but

only arsenic exceeded the human health AWQC of 0.0022 ug/L. The

cyanide concentration (0.29 mg/L) exceeded the Illinois standards and the

AWQC criterion in one water sample (Location IB or No. 34-6); cyanide

was undetected in all other samples at a detection level of 0.05 mg/L.

|B Likewise, in one water sample (Location 10J, No. 34-15), the mercury

( concentration (0.4 ug/L) exceeded the ambient water quality standard for

jH ĥuman health (0.144 ug/L). Sediment analyses indicated the presence of

i trace quantities of base/neutral/acid compounds. Di-n-butyl phthalate was

™ detected in all ten sediments, ranging from 1,000 - 2,240 ug/kg wet

M weight; however, this compound was also detected in the QA/QC blanks.

>!»••••
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trihalomethanes. The formation of these compounds can be attributed to

chlori nation from tht disinfection of drinking water supplies and is not

Indicative of off-site contamination sources. The City Of Marion has

Instituted modifications to the treatment process and Is now in full

- compliance for trihalomethanes, according to Illinois EPA's drinking water

group. However, the volatile and semi-volatile organics data for Phase I

are questionable due to QA/QC deficiencies or unreliable support data.

(See Exhibit B). The positive detections reported are thus estimated

values and some compounds which were not detected may in fact be

present.

38.3.2 Phase II Analytical Results:

The water samples collected from Crab Orchard Lake and from various

raw and treated water supplies or potential water supplies were compared

to the Illinois and Federal drinking water standards. Raw water supplies

„, , were also compared to the Ambient Water Quality criteria.
' O'li'l'

Two raw water supplies (Refuge Intake and Marion Reservoir

Auxiliary Intake) contained trace amounts of methylene chloride (24 and 6

ug/L). barium (36 and 33 ug/L}. and lead (4 .8 and 8.5 ug/L). The

detected concentrations for barium and lead are typical of raw surface

water supplies, and are within the relevant standards. PCS

concentrations were below the detection level of 0.005 ug/L in all of the

current or potential drinking water samples. Methylene chloride, though

detected, was also detected in the blank samples and may be a result of

sample or laboratory handling. The treated water samples (Refuge treated

water and City of Marion treated water) contained bromodichloromethane

(11 and 4 ug/L respectively), and chloroform (94 and 35 ug/L). Total
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Bis (2-ethylhexyl) phthalate was detected at 750 ug/kg in sample location

t8F, No. 34-23. The lake control sample collected from the west end by

the spfnway daw (location 11 WY No. 34-25), remote from any Industrial

areas of the Refuge, also contained phthalates (480 ug/kg wet weight),

T" pyrene (450 ug/kg wet weight), and fluoranthene (510 ug/kg wet weight).
1

PCB concentrations were beiow the 40 ug/kg wet weight detection

limit in all but two sediment samples (See Figure 38-1). Sample location

I2C (No. 34-17) collected near the Area 9 Landfill area contained a PCB

concentration of 248 ug/kg (291 ug/kg duplicate); while sample location

I1B (No. 34-16) contained 104 ug/kg PCBs. Arsenic was detected in ail

ten sediments at concentrations ranging from 9.7 to 24 mg/kg, but

duplicates and recoveries were outside control limits for these analyses.

All other compounds analyzed were below the detection limits. The field

data for the fish samples is presented as Table 38-1 and includes the

weight and size for each fish sample collected. The analytical results for

pesticides/PCBs, cadmium, mercury, and lead are presented in Table 38-2.

Figure 38-3 shows the sampling locations and PCB results. Most

parameters were below the detection levels, but concentrations of Aroclor

1254 ranged from below 0.4 to 6.4 mg/kg wet weight. Two carp samples,

34-29 and 34-30 from location |2C, contained 6.4 and 3.0 nr,g/kg PCBs

respectively (3.9 and 4.4 mg/kg when re-analyzed); these concentrations

are above the FDA action level of 2.0 mg/kg for PCBs. It should be noted

that FWS conducted a split sample analysis for sample 34-29 and obtained a

result of 1.2 mg/kg PCB wet weight, which is below the FDA action level,

and is significantly below the earlier resufts for this sample. Fish sample

34-27 from location I1B contained 1.C5 mg/kg wet weight of mercury. This

concentration is only slightly above the FDA action level of 1.0 mg/kg..
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ia-1

FIELD DATA FOd FISH COMPOSITE SAMPLES

IAHP| i.». |us NO|
*»- 1 1 1

430 34- 24 19170
439 S4- 17 19171
440 34- IB 19172
440 54- 40 19192
440 14-
441 J4« 49 19193
442 34> »0 19194
441 34- 29 19173
441 34-
442 34* 30 19174
443 34- 31 19171
443 34> SI 19193
444 34- 92 19194
44S 34> 33 19197
444 34- 32 19174
443 34. 33 191T7
444 34* 34 1917*

34-
444 34- 14 19196
! 447 34- IS 19199
447 34 > 35 19179

34-
440 34- 34 191M
449 34- 37 19101
472 34- (9 19200
473 34- 40 19201
471 34. 41 19202
430 34* 30 19182
491 34' 19 19103
452 34- 40 19104
452 34-
453 34- 41 19105
460 34-54 19201
469 3i- 57 19204
470 34- 58 1920S

OUP/SPKE
FVS

OOP

rus
OUP

FVS
OOP

OUP

our
,.

nn

OUP .

FVS

OUP

OUP

OUP

FWS
OUP

OOP

| SPECIES

1

CARP
•ASS
•ASS

4UUHEAD
OULLWAO
OUUMEAO
CATWH
CMP
CAtP
CMP
•AM

OUUMAO
OUiLHfAO
CATFISH
CMP
CMP
•ASS

•
•OUHEAO
BULLHEAD
CMP
CMP
•ASS
•ASS

•ULLREAO
IUUHEAD
CATFISH
CMP
CMP
•ASS
•ASS
•ASS

•ULLHEAO
iULLHcAO
CATFISH

| WEIGHT |
1 108. 1

3
• 1- 1/2
2- 1/4
0- 1/4
0- -,3
0- 1/4
9
i- 1/0
1- 3/4
2- S/0
1-13/14
0- S/0
0- 3/14
9
2- 1/4
1- 7/14
2- 7/0

0- 9/14
0- 9/14
3- 7/0
2- 1/0
0- 3/4
0-15/14
0- 7/8
0- 5/0
1- 3/4
2- 7/0
2
0- 3/4
5- 1/14
1- 3/4
0- 1/4
C- 1/4
2- 5/8

LENOTH |
IHCHCS |

1
18- 3/8 |
13- 7/8J
15- 1/2|

B I
9 \
8- 1/2 |

« 1
17- 1/4 |
15- 1/8J
10- 1/8J
15- 1/fl|
10- 3/4 |
4- 1/2 |
20- 7/8 |
14- 7/0 |
14- S/0|
17- 1/8|

1
0- 1/2 |
10- 1/8 |
20- 1/BJ
15- 1/4)
11- VOJ
11- 5/8)
11- 1/2|
10- 5/8 |
13- 7/8|
17- 5/8 |
4- 1/8)

» 1
20- 7/0 |
14- 7/0 |
7- 3/4 j

• !
IV- 1/0|

WEIGHT |
L.S. |

3
1- 1/4
3- 9/14
0- 1/4
0- 5/16
7
4- 3/4
3- 1/4
1- 1/4
2- 3/4
2- 7/14
0- 3/0
0- 3/8
0- 1/0
1- 3/14
3- 1/8
2- 1/4

0- 5/14
0- 9/14
1- 3/0
2
4- 7/0
1- 3/4
0- 5/0
0- 1/2
7- 1/2
4
1- 7/0
0- 3/14
0- 5/0
1- 1/8
0- 7/14
0- 5/16
10- 3/4

LEHGTH |
IHCHES |

1
18- 3/4 1
13- 1/2J
17- 1/2J
7- 7/8 |
8- 7/8 |
9- 1/8|
22- 7/8 |
19 |
13- 7/8|
18- 3/8 |

" 1
8- 3/4 |

• 1
24 |
14- 3/8 |
19 |
14- 1/8 |

1
0- 7/8 |
10- 3/8 1
13- 3/8J
16- 1/8 1
20- 1/2|
14- 1/2|
10- 1/2 j
9- 3/8 |
26- 1/2 j
23- 1/4 j
16- 1/OJ
4- 7/8 |
10- 1/2J
12- 1/2J

« 1
9- 1/4 |
29- 3/4 j

WEIGHT |
L«S. |

4- 1/2
2- 3/0
2- 1/2
0- 9/14
0- 1/4
2

1-13/14
1- 1/0
3- 3/4
1*13/16
0- 3/8
0- 1/4
0- 7/14
1- 5/0
1- S/8
0- 5/14

0- 1/4
0- 1/4
2- 1/0
2- 3/0
3- 1/2
1-13/14
0- 7/14
0-13/14
2- 3/4
2- 3/4
2-11/14
1- 1/2
0-11/14
3- 3/14
0- 1/4
0- 1/4
4

LEHGTH
IHCHES

21- 1/2
16
14
10- 1/4 |
8- 1/4 |
4- 5/0 |

1
14- 1/0 |
13- 3/4 |
19 |
14- 7/0 |
9- 1/4 1

• 1
J1- 7/0|
15- 1/2|
14- 5/8 |
11- 1/8)

1
8- 1/2 |
8- 1/8 |
14- 1/4 |
14- 3/4)
18- 5/8 j
14- 7/8|
9- 1/4 |
11- 3/8 |
20 |
17- 5/0|
18- 1/8)

1* 1
" 1
17- 1/2|

• 1
7- 3/8|
22- 1/<j

WEIGHT | IIMTH |
US. j IHCHES j

1
4- 1/8 21- 1/8|
3- 7/14 18 j
1- 7/14 13- 7/8 I
0- S/0 10' 3/1 1
4 9- 3/8J
0- 1/4 8 |

1
2-13/14 18- 3/4 |
1- 1/8 13- 1/8J
2- 1/4 IT- 1/2 |
1- 1/2 13- 7/BJ
0- 3/8 9- 1/8J
0- 1/2 10 j
3- 9/14 20- 7/8J
0-13/14 12- 1/8 |
1- 9/14 IS- 1/4 |
1 12- 3/4 |

1
0- 1/2 9- 3/4 |
0- 1/2 9- 1/2 j
2- 7/8 19 |
1- 3/4 13- 1/4 1
1- 3/14 13- 1/8J
2 IS- 1/2 |
0- 3/4 11- 1/4 1
0- 3/8 0- 1/2 |
5- 1/4 23- 1/2 |
5- 3/0 22- 3/4 |
2- 1/4 17 |

1
0- 3/4 11- 1/2|
2- 5/14 IS- 1/2 j
0- 1/4 8- 1/8 |
0- 1/2 10 j

1

WI8JTT |
188. j

2
1* 3/14
1- 1/8
0- 1/4
0- 1/4
0- 1/4

2- 1/2
1- 1/4
1- 1/8
1
0- 3/8
0* 3/8
4- 3/4
1-13/14
1- 9/14
0- 9/14

0- 1/2
0- 1/2
2- 3/8
2
0- 7/8
2- 3/4
0- 7/14
0- 1/2

2- 1/8
2- I/I

1- 1/4
0- 1/4
0- 7/14

UMT8
iHoon

14
13
12- I*

•
•
4- 7/8

18- 2/8

1*
14- 3/8
12- 3/8
8- 7/8,
9- 1/8|
23- 1/8|
IS- 3/8

" 1
10- 1/4 |

1
10 |
9- 7/8 |
14- 1/8 j
IS- 1/8|
11- 1/4 |
14- 7/8J
9- 1/4 |
9- 1/2J

1
14- 1/2|
17- Vt|

1
1

13- 3/8)
7- 3/8J
9- 7/8|

1



lAiLE 36 2 (p. 1 of 2)
Analytical Result* for Mih (Edlblt

locctlent
»wp(« IDi

Type!
»ij*erl

LAKE II LAKE 18 LAKE « LAKE 1| LAKE H LAKE II LAKE ZC LAKE 2C
34-26 34-27 34-28 34-46 34-49 34-50 34-29* 34-30
C»rp •••• Bast Bullhead Bullhead CatfUh Carp Carp
436 439 440 460 461 462 441 442

LAKE 2C LAKE 2C
34-31 34-51
Bata Bullhead
443 463

UUCI K
34-52

444

X
34-J1

Catfle*
444

M
J4-J2
CM*
444

30
54-n

ua u
34-34

PESTICIDES/PCB (UB/KB IMt Mt)

115 4.41-DDO < 40 < 40 « 40 « 40 < 40 < 40 < 40
116 4,4>-OOE < 40 < 40 < 40 < 40 < 40 < 40 < 40
117 4.4' -001 « 40 < 40 < 40 < 40 < 40 < 40 < 40
116 Aldrln « 20 < 20 « 20 < 20 < 20 < 20 < 20
119 Alph.-MC « 20 « 20 « 20 < 20 < 20 < 20 < 20
120 ArocMor-101* < ZOO < 200 < 200 « 200 < 200 < ZOO < 200
121 ArocMor-IMI < ZOO < 200 < 200 « 200 < 200 « 200 < 200
122 Arech lor -1212 « 200 < 200 < 200 « 200 < 200 < 200 « 200
123 ArocMor-1242 « 200 « ZOO < 200 < ZOO < 200 < 200 < 200
124 Aroehlor-1248 « 200 < 200 < 200 « 200 < 200 < 200 < 200
125 Arochlor-1254 1100 < 400 480 420 < 400 1300 6400
126 Aroch lor -1260 < 400 « 400 < 400 < 400 < 400 < 400 < 400
127 Bota-BHC « 20 < 20 < 20 « 20 < 20 < 20 « 20
128 ChtoreUn* « 200 < 200 < 200 < 200 < 200 < 200 < 200
1290«lta-IHC « 2 0 < 2 0 < 2 0 < 2 0 < 2 0 « 2 0 < 2 0
130 OUIdrln « 40 < 40 < 40 « 40 < 40 « 40 < 40
1 3 1 EndMulfan 1 < 2 0 < 2 0 < 2 0 < 2 0 < 2 0 < 2 0 < 2 0
132 fndo«olf«n II < 40 < 40 < 40 < 40 < 40 < 40 < 40
133 Endotutfwi «ulf«t« < 40 < 40 < 40 < 40 < 40 < 40 < 40
134 Endrln < 40 < 40 < 40 < 40 < 40 « 40 < 40
136 Endrin KttorM < 40 < 40 < 40 < 40 « 40 < 40 < 40
137 CWBM-IMC (Llnrfww) « 20 < 20 < 20 < 20 < 20 < 20 < 20
138 MpttcMor < 20 < 20 < 20 < 20 < 20 < 20 < 20
139 N*ptacM*r «po«l<to « 20 « 20 < 20 « 20 « 20 < 20 « 20
140 NctkoxyxMar < 200 < 200 < 200 < 200 < 200 < 200 « 200
141 TOM0MM < 400 < 400 < 400 < 400 < 400 < 400 < 400

40 < 40 < 40
40 < 40 < 40
40 < 40 < 40
20 < 20 < 20
20 < 20 < 20

200 < 200 < 200
200 < 200 < 200
200 < 200 « 200
200 < 200 < 200
200 < 200 < 200

3000 540 940
400 < 400 < 400

20 < 20 < 20
200 < 200 < 200
20 < 20 < 20
40 < 40 < 40
20 < 20 < 20
40 < 40 < 40
40 < 40 < 40
40 < 40 < 40
40 < 40 < 40
20 < 20 < 20
20 < 20 < 20
20 « 20 < 20

200 < 200 < 200
400 < 400 < 400

« 40
« 40

40
20
20

200
200
200
200
200
•50
400

20
200
20
40
20
40
40
40
40
20
20
20

200
400

40
40
40
M
20

200
200
200
200
200

1700
400

20
200
20
40
20
40
40
40
40
20
20
20

200
400

40 <
40 '
40
20*
20

200
200
200
200
200
040
400
20

200
20
40
20
40
40
40
40
20
20
20

200
400

I 40 •
I 40 «

40
20
20

200
200
200
200
200
990
400

20
200
20
40
20
40
40
40
40
20
20
20

200
400

i 40
i 40

40
20
20

200
200
200
200
200
450
400

20
200
20
40
20
40
40
40
40
20
20
20

200
400

NCTALS (•*/«• Mt M)

166 CKtelin
176 L*«d
184 Mercury

fOA ACTION LEVELS
PC8 • 2 MB/Kfl
Mtrcury • I

« 0.1
« 0.05
0.172

< 0.1
< 0.05

1.05

< 0.1
< 0.05
0.420

< 0.1
< 0.05
0.072

< 0.1
0.13

0.070

< 0.1
< 0.05
0.120

< 0.1
< 0.05
0.152

< 0.1 < 0.1
« 0.05 < 0.05
0.239 0.303

< 0.1
< 0.05
0.102

< 0.1
« 0.05
0.070

< 0.1
« 0.05
0.120

« 0.1 « 0.1
« 0.01 « O.OS
0.122 O.W

« 0.1
40.09
0.201

(•) FUS Split SMpIc Ho. 441 coottlncd 1.2 «g/kg wet ut. PCBi.
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TAILE 38-Z (p. 2 of 2) ' *
Analytical Results for Fish (Edlbla TUsua)

Lacatlani LAKI S« LAKE SO LAKE 4N LAKE 4N LAKE 4H LAKE 4H LAKE <N LAKE 4N LAKE 10J LAKE 104 LAKE 10J LAKE 10J UUd 10J
<aa»U IDi 14-54 14-59 34-35 34-36 34-37 34-59 34-60 34-61 34-38 34-39 34-40 34-41 14-94

taapla Typai tutlhaad tullhaad Carp Ms* Oass lullhaad lullhaad Catfish Carp Carp IMS laaa BulllMad
faapta •uBtoiri 444 447 447 , *48 449 472 473 471 450 451 452 451 446

LAO 111 LAO 10J
14-97 34-5*

Cat ft an
44* 4ft

FESTICIMS/PCt (taj/Kf IN

119 4.4'-000
114 4.4»-OOE
117 4.4'-»OT
111 Aldrln
11* Alpha-MC
120 AfMktar- 1014
121 ArMklar-1221
122 Arochlar-1232
123 ArccMar-1242
124 Ar«cM«r-12U
12S ArMfclor-1294
12* Ar«cMa*-1240
127 feta-MC
12ft CMardana
129 Mlta-MC
130 ftUldrln
131 EndaaulfM* 1
132 Endoaulfan II
131 Endoaulfan tuifata
134 Endrln
134 Endrln Katana
137 taaM-MC (Llndana)
• *• Bî Elt AVi^l 1 0f

139 Haptacfclar •pox Id*
140 Ht thonvrti' tr
141 TMaplMna >

40 4 40 «
40 4 40
40 4 40
20 4 20
20 4 20

200 4 200
200 4 200
200 4 200
200 4 200
200 4 200
400 4 400
400 4 400
20 4 20

200 4 200
20 4 20
40 4 40
20 4 20
40 4 40
40 4 40
40 4 40
40 4 40
20 4 20
20 4 20
20 4 20

200 4 200
400 < 400 «

i 40
« 40
c 40

20
20

200
200
200
200
200
400
400

20
200
20
40
20
40
40
40
40
20
20
20

200
i 400 <

( 40 4 40
i 40 < 40

40 4 40
20 4 20
20 4 20

200 4 200
200 4 200
200 4 200
200 4 200
200 4 200
400 760
400 4 400

20 4 20
200 4 200

20 4 20
40 4 40
20 4 20
40 4 40
40 4 40
40 4 40
40 4 40
20 4 20
20 4 20
20 4 20

200 4 200
( 400 4 400 <

c 40 4 40 4 40 4 40 4 40
40 4 40 4 40 4 40 4 40
40 4 40 < 40 4 40 4 40
20 4 20 4 20 4 20 4 20
20 4 20 4 20 4 20 4 20

200 4 200 4 200 4 200 < 200
2 0 0 4 2 0 0 4 2 0 0 4 2 0 0 4 2 0 0
200 4 200 4 200 4 200 4 200
200 4 200 4 200 4 2 0 0 4 2 0 0
200 4 2 0 0 4 200 4 2 0 0 4 2 0 0
400 4 400 910 700 590
400 4 400 4 400 4 400 4 400
20 4 20 < 20 4 20 4 20

200 4 2 0 0 4 200 4 2 0 0 4 2 0 0
20 4 20 « 20 4 20 4 20
40 4 40 . * 40 4 40 4 40
20 4 20 4 20 4 20 4 20
40 4 40 4 40 4 40 4 40
40 4 40 4 40 4 40 4 40
40 4 40 4 40 4 40 4 40
40 4 40 4 40 4 40 4 40
20 4 20 4 20 4 20 4 20
20 4 20 4 20 4 20 4 20
20 4 20 4 20 4 20 4 20

200 4 200 4 200 4 2 0 0 4 2 0 0
t 400 4 400 4 400 4 400 4 400 <

( 40
40
40
20
20

200
200
200
200
200
400
400
20

200
20
40
20
40
40
40
40
20
20
20

200
t 400

40
40
40
20
20

200
200
200
200
200
400
400
20

200
20
40
20
40
40
40
40
20
20
20

200 <
400 <

40
40
40
20
20

200
200
200
200
200
400
400
20

200
20
40
20
40
40
40
40
20
20
20

i 200
( 400

40
40

•40
20
20

200
200
200
200
200
400
400
20

200
20

• 40
20
40
40
40
40
20
20
20

200
400

< 40
1000

40
20
20

200
200
200
200
200
400
400
20

200
20
40
20
40
40
40
40
20
20
20

200
400

METALS (•V/Kf Mtt tft)

144 Cadalua
17§ laad
1*4 Marcury

rOA ACTION LEVELS
•CS • 2 «9/IC»
Marcury - 1 •«/«•

4 0.1

4 0.05
0.078

4 0.1

4 0.05
0.052

4 0.1

4 0.05
0.116

4 0.1
4 0.05
0.094

< 0.1
< 0.05
0.217

4 0.1
4 0.05
0.055

4 0.1

4 0.05
0.061

4 0.1
4 0.05
0.055

4 0.1

4 0.05
0.091

4 0.1

4 0.05
0.079

4 0.1

4 O.OS
0.057

4 0.1

4 0.05
0.10ft

•4 0.1

t.u
0.04

« 0.1
4 «.es

4 0.1
4 0.05
0.168

(•) FWS Spill SwpSs
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Mercury concentrations in the remaining samples ranged from 0.034 to

0.420 mg/kg. Positive lead detections were found in two bullhead samples,

.•.13 mg/kg wet weight in sample 34-49 from location 118, anej.t.U mg/kg

weight in sample 34-56 from the control location I10J." Cadmium was

detected at a detection limit of-0.10 mg/kg wet'weight In any of the
'*.
samples. There are currently no FDA action levels for cadmium or lead.

Kohler and Heidinger (undated) of Southern Illinois University* (SIU)

have recently reported preliminary results of a survey for PCB residues in

j| Crab Orchard Lake fish. The SIU study was conducted Independently of

j other residue surveys including the Rl. The investigators collected

,« largemouth bass, channel catfish, carp, blueglll, white crappie, and

M| gizzard shad (a non-food fish) from three areas of the lake, including the

t embayment adjacent to the Area 9 Landfill (identified as Site 10 in the

•I report). In an effort to discern age-related effects on accumulation of

PCBs in these species, young, intermediate, and old individuals of each

• species (selected on the basis of life expectancy for each species) were

l |̂, analyzed. The results of this survey are presented In Section 2.7, and are

.; summarized briefly below.

• With the exception of channel catfish and possibly carp, no clear

correlation of residue PCB level in fillet tissue with fish age was detectable

*•.' in the study by SIU. This could be due to the limited number of samples

gB in each data set (three fish per group) and the lower lipid content of

< species other than catfish, carp, and possibly shad (a major determinant

II; in PCB accumulation with both species and fish age). These data are

i similar to the data developed during this R) in that they show that fish in

WL the eastern portion of the lake have higher PCB concentrations than those

m
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taken elsewhert in the lake. The results also demonstrate that carp and

channel catfish contain higher residues than other species analyzed.

. PCB analyses in the SIU study appear to have been conducted at a

lower analytical detection limit, possibly 0.1 mg/kg, because a number of

the pooled data presented are lower than the 0.4 mg/kg detection limit

used in this Rl. The composite data for most of the species and collection

locations show residue levels In the range of 0.2 mg/kg PCBs. As

discussed later, this provides a basis for treating Rl fish data of less than

the detection limit of 0.4 mg/kg as 0.2 mg/kg, one half the detection limit,

when calculating averages for the quantitative assessment.

Due to the preliminary nature of the data presented in the SIU

report, they are not used in the quantitative assessment of PCB-associated

risks. However, the data are in general qualitative and quantitative

agreement with the data collected during the Rl and other investigations.

As discussed in the review of previous investigations in Section 2.7,

Stuart (198U) collected Crab Orchard Lake fish and bottom sediments from

the Area 9 embayment for a survey of polychlorinated dibenzoo'ioxins

(PCDDs) and polychlorinated dibenzofurar.s (PCDFs). This survey did not

detect the highly toxic 2,3,7,8-TCDD isomer in either fish or sediments.

The 2,3,7,8-TCDF isomer was found ir\ fish at an average level of 15.2 ppt

(mean of 10 fish samples) with a maximum level observed of 41 ppt. In

sediment, TCDF was detected at a mean of 19 ppt {for 5 samples) and a

maximum of 50 ppt. Other isomers of PCDD were reported at ppt levels,

but the isomeric distribution was not identified.
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Environmental Effect*

38.4.1 Qualitative Assessment

38. <. 1.1 Source Evaluation

The western portion of Crab Orchard Lake is a focal point for
, . .

recreational activities In the Refuge and supports an extensive
'

ecological community as well. The lake has been used previously as an

auxiliary drinking water source for the City of Marlon. As discussed

in Section 2.5. this auxiliary intake has been used one or two times

within the last fifteen years, and is presently non-operational.

As a result of a variety of manufacturing activities along the

eastern portion properties for four decades, the eastern part of the

lake has served as a potential recipient of industrial discharges,

landfill leachates, municipal wastewater and other possible pollutant

sources. The results of chemical analyses of lake water, sediments,

and biota, as described in the preceding section and in Section 2.7,

suggest that the eastern part of the lake has in fact received

industrial discharges.

For the purpose of this risk assessment, potential human health

effects will focus on ingestion of finished drinking water drawn from

Crab Orchard Lake and of fish taken from the lake by recreational

angling. Because of the wide variety of subchronic and chronic

effects documented in laboratory tests, often at low exposure levels,

PCBs were chosen as an indicator contaminant for the risk

assessment. The toxlcologfcal and physicochemical properties of PCBs

are summarized in Exhibit A and in the quantitative assessment

portion of this report.

Dibenzodioxin and furan residues In fish and sediments were

analyzed In 'a' survey 'conducted In 1984 (Stuart, et al.. 1981) as

38-9



presented In Section 2.7. The risks associated with the detection of

PC DO /PC OF residues In fish are evaluated In Section 38.4.2.2, Quan-

titative Risk Assessment.

38.4.1.2 Transport Route Evaluation

C: a) Air; Due to the nature of these compounds, PCBs do not:

volatilize from water to a significant degree at the low

concentrations found in Crab Orchard Lake. The air route is

therefore considered non-functional.

b) Direct Contact: PCB residues have been detected in lake

sediments. The direct contact exposure route is thus functional

but will be considered in this analysis in the assessment of

ingestion exposures.

c) Surface Water: PCB residues have been detected in some water

samples from the lake, but not in drinking water prepared from

it or in the raw water intakes to the treatment plant. Thus, the

surface water route is functional for both humans and wildlife.

This exposure path will be considered as a form of ingestion

exposure in the following assessment.

d) Ingestior: PCB residues have been detected in aquatic biotia

taken from the lake (see also Previous Studies in Section 2.7).

Therefore, the ingestion exposure pathway is complete for both

humans and wildlife.

38.0.1.3 Receptor Evaluation

Human

Use of Crab Orchard Lake as a source of drinking water is very

limited, serving only the Refuge and the Marion penitentiary at
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present. Potential receptors therefore include visitors and employees

of the Refuge as well as residents of the penitentiary. Analyses of

$ftN$S«vfî ~ finished drinking water failed to reveal the presence of PCBs.•** > • i,
.Therefore, the only potential human receptors for PCBs In the lake

consumers of fish captured by recreational angling. A

hypothetical case is also evaluated where the backup supply for the

City of Marion might be used to replenish the Marion Reservoir in an

emergency.

jfi Wildlife

: Exposures of fish and wildlife to PCBs are complete for the

w direct contact/exposure route. Benthic and bottom-feeding organisms

•4a in the lake will receive the highest exposure. Exposure to PCBs is

also possible for wildlife feeding on contaminant residues.

38.3.2 Quantitative Risk Assessment

i,,.,r'! 38.4.2.1 Estimates of Surface Water Exposures

'̂ B. Previous surveys of Crab Orchard Lake for surface water

I residues of PCBs and other contaminants were presented in Section

IH 2.7.2. With the exception of an elevated level of PCBs in a bay

adjacent to the Area 9 Landfill (0.16 ug/L. Hlte. 1984 and IDPH,

1976-1987) all water samples from previous surveys were below the

detection limit of 0.1 ug/L. The Phase II investigation found only

0.009 to 0.019 ug/L PCBs in the Area 9 bay water and no PCBs were

H - . . .
detected elsewhere at a detection limit limit of 0.005 ug/L PCB.

jj H Is conceivable that Crab Orchard Lake could b« used in the

HI
I|P- future as an emergency backup supply of water for the City of

Marion to supplement the Marion Reservoir. This has occurred as
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recently ,•$ 1M1, but the. alternate water source has since been

switched to Herrln Lake. During the last withdrawal from Crab

Orchard Lake In 1981, about, f^percent of the capacity of Marion

Reservoir was replenished. To determine the health risks associated
1 ' i. * • J

with such a use of Crab Orchard Lake, it will be estimated that such

an event occurs every ten years, and that the replacement water

contains 9 ng/l (ppt) of PCBs, based on a sampling of lake water

closest to the auxiliary intake.

The resultant PCB concentration from replenishing 6 percent of

Marion reservoir's capacity would be 0.5 ng/l, a level which is 10

times lower than the detection limit for PCB analyses in water. If

such a diluted concentration were maintained by periodic replen-

ishment from Crab Orchard Lake, a chronic surface water ingestion

scenario would exist. The main concern for health effects from

chronic exposure to PCBs is potential carcinogenicity based on

controlled laboratory studies. In order to assess risks associated with

such exposure, daily PCB exposure rates are estimated and integrated

with a measure of the potency of PCBs to produce human cancer as

extrapolated from animal response data.

Assuming a standard lifetime (70 years) drinking water ingestion

rate of 2 liters per day containing 0.5 ng PCB per liter, a daily PCB

exposure for a 70 kg adult of 0.011 ng/kg/day is estimated. Using

the PCB cancer unit risk factor of 7.7 (mg/kg/day)"1 (Exhibit A), an

estimate of excess cancer from this exposure route of 1.0 x 10 is

obtained, under worst case conditions. This cancer risk is well below

the 10~ to 10~ range of risk generally considered acceptable by

regulatory agencies.
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38.*.2.2 Estimates of Direct Contact Exposures

At discussed in Section 2.7.1, a 1983 survey (Kite, 1984) of
•«4fc- •>

:e sediments showed PCB levels of less than 0.01 to 0.27'mg/kg in

region next to the Area 9 Landfill. Other surveys .{Ruelle and

Adams, 1981) detected O.*1 and 0.76 mg/kg in the same bay region.

Sediments from mid-lake north of the landfill, were below 0.05 mg/kg

in the latter survey. Elevated PCB levels, presenting the opportunity

for ingestion exposures by benthfc organisms, are considered in the

ingestion exposure discussion below. It is doubtful that PCBs bound

to sediment are subject to dermal absorption by aquatic organisms but

they might contribute to localized areas of elevated surface water

concentrations which may be available for absorption.

36.3.2.3 Estimates of Ingestion Exposures

Human

As part of the field investigation, specimens of fish including

bass, carp, bullheads, and catfish were collected from Crab Orchard

Lake. The edible tissues of these species were analyzed for PCBs,

pesticides, cadmium, lead, and mercury. The results, presented in

Table 38-2 and Figure 38-3, indicate that the ingestion exposure

route is complete for humans and wildlife consuming fish taken from

certain portions of the lake. PCB residues were elevated primarily in

sampling location I2C. with lower levels detected in locations 11B and

I3C.

Only two of the samples (out of 29 analyzed) contained residues

in excess of the FDA action level of 1 mg/kg. Both of these samples
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consisted of carp taken from location I2C, near a general area

previously found to contain PCB residues in lake sediments. Carp are
•;•&' '

a bottom-feeding species which would com* fntoftrect contact with

contaminated sediments f as would other bottom feeders such as

* catfish. With the exception of the fish sampled at the control location

IIOJ at the Crab Orchard Lake dam, all fish sampled were from

portions of the lake which are not readily accessible to recreational

fishing, and from which movement into the remainder of the lake is

constrained by two rather narrow passages. Since neither bass,

carp, bullheads, nor catfish are particularly migratory, it is unlikely

that fish in the eastern end of the lake make a significant

contribution to populations in the remaining portion of the lake.

This ingestion exposure risk analysis involves a 'worst case1

conservative estimate based on an individual who relies upon fish from

Crab Orchard Lake for his or her total fish diet over a 5, 10 or 70

year period. The risk levels presented in Table 38-3 assume that PCB

residues in fish remain constant over the specified period of time.

Each of these assumptions may be improbable. For instance, it is more

likely that an individual would obtain some portion of his fish diet

from other sources, including ocean fish, fish from nearby lakes or

rivers, or fish from commercial fisheries, which would diminish the

risk estimates proportionately. In addition, PCB residues in fish from

Crab Orchard Lake are likely 'to decline over time, because of
| !
; decreasing levels available for uptake from bottom sediments due to

\ the natural sedimentation process in the lake and remediation of

; on-land potential contaminant sources, and continuing replacement cf

aquatic populations.
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It is apparent from examining the range of risks presented in

Table 38-3 for ingestion of fish under various dietary scenarios that

the most sensitive variable In the risk estimate is the total quantity of

fish captured from Crab Orchard Lake and consumed over a lifetime

which contains the level of PCB fillet residues currently observed.

i«— The upper bound cancer risk estimate of 2.0 x 10 represents the

mjf, consumption of approximately 30 g of catfish (which are bottom

t* feeders) from Crab Orchard Lake every day during a 70 year lifetime

ĴH; (sports fisherman scenarios. Table 38-3). This estimate assumes that

i 95 percent of the catfish are taken from the western area of Crab

Orchard Lake, and 5 percent are taken from the east, since the

fishable acres in the east end comprise about 3 percent of the total

7,000 fishable acres in Crab Orchard Lake. In addition, due to its

]• average water depth of 2-3 ft., the east area is inaccessible to boat

fishing and therefore fewer fish would be taken from the east side of

JlH"*- the lake. More realistic consumption scenarios for persons who obtain

J0' their entire fish diet solely from Crab Orchard Lake (if any) may be

j" those risk levels derived for periods of 5 and 10 years, with

-5 -4associated risks between 10 and 10 (one in one hundred thousand

to one in ten thousand).

Cancer risks can also be presented in terms of the number of
{
.flM'• meals of fish from Crab Orchard Lake. For individuals consuming

| fish from the western portion of the lake, about 40 to 80 meals of

I
1 •

mixed fish, assuming an average meal size of 0.5 to 0.25 Ib and a

< , catch similar to the creel census, would result in a lifetime excess

!•-•• cancer risk of about 10 (one in a hundred thousand). Therefore,

if an individual wished to limit their lifetime excess cancer risk to one
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TABU 3B-3
OtAI OKMUB) LAB

UTINATtD BIBK TO MUM
MB TO canurTicn of nn TI

Asuonioni
• 100 I of f la* diet It captured at Crab Orchard late.
• CoiMptlcn of Crab Orchard ft* continue* over • 70-year llfetlo*.
or during • 10-year or 5-yeer period.

• Undttoctod valuea oro calculated a* on* Kotf tho analytical datectfc
Halt (0.2 MB/ko for It dots). ..

• Cantor unit rltk factor of 7.7 (••Ai/dty) J for Aroelor 12*0 (•)
• EMt/Uttt division denoted by ttolf Croak (200 ftshoble
on eastern area, 7000 flshable acraa total for lako.)

AVOAfii KB
COHCDrrRATIOM

(VQ/IU MM)
SCENARIO

(1) (2)

I. Average FisherMan

70- year
Lifetime

SK LEVELS4

10-year
Exposure

>•

5-year
Expooure

(6.5 g fish per day or 10-20 Meals par year)

a)
b)
c)
d)
a)
f)

95X West lass/SX East Bass
100X West Catfish/Bullhead
95X Uast /5X Eaat Catf lah
Creel Census (4)
National Average (5,ff) 1976-1979
National Average (6,f) 1960-1981

0.34
0.32
0.61
0.30
0.29
0.18

0 20
0
Q

OB
51
-
-
-

2
2
•

•

51-04
3E-04

4.31-04
1
2
1

o

•

•

7E-04
1E-04
3E-04

3
3
6
2
3
1

.5E-05

.31-05

.1E-05

.4E-05

.OE-05

.8E-05

1
1
3
1
1
9

.61-05

.6E-05

.OE-05

.2E-05

.5E-05

.2E-06

II. Sports . ._.-.__.
(30 g fish per day or 50-100 avals par year)

a) 95X Uest Bass/5X East Bass
b) 1001 Uest Catfish/Bullhead
c) 95X Uest /5X Eaat Catfish
d) Creel Census (4)
e) National Average (S.ff) 1976-1979
f) National Average (6,») 1980-1981

0.34
0.32
0.61
0.30
0.29
0.18

0.20
0.08
0.51

• •

1.2E-03
1.1E-03
2.0E-03
7.8E-04
9.6E-04
5.9C-04

1.6E-04
1.5E-04
2.6E-04
1.1E-04
1.4E-04
8.5E-05

B.3E-05
7.4E-05
1.4E-04
5.6E-05
6.BE-05
4.2E-05

MOTES I REFERENCES:

(1) Avaragas ara calculatad assusfng fish without datactad KB residues contain
such residues at one half the analytical detection Halt.
(2) Averages are calculated assuming fish without datactad PCB residues are free of such residues.
(3) Derived using a 1976 Creel Canaua survey and •waga concentrations in fish species
datactad in the RI and in Monitoring studies conducted by the State of Illinois (sec Section 2.7).
Baaad on the Creel Census data, tho relative catch per boat expedition at Crab Orchard Lake is
comprised of roughly, 35X bass, 31X bluaglll sunflah. 14X catfish, 12X crappia and BX bullhead.
(4) ATSDR (tovwabar, 1967). Draft lexicological Profile on KB*.
(5) SchBidt, CJ at al. (1965). National Pesticide Monitoring rrograau
Areh. Environ. Contaai. Toxicol.; 14:225-60.

(»•) Pltlat residues calculated aa one third reported whole body residua.
(•) The potency factor of 7.7 (Mi/kg/day) Is baaed on studies using Aroelor 1260;
only Aroelor 1254 residues ware datactad at Crab Orchard Lake. Available data neither
doxonstratt nor preclude the carclnogeniclty of Aroelor 1254.
(») Additive risks due to PCB/TCDf residues in fish Might be obtained by adding 15
percent to risk level noted for
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chance in one hundred thousand, the total number of meals consumed

in a 70-year lifetime from Crab Orchard Lake (western side excluding

large channel cat) should be in the range of 40 to 80 meals. From a

practical standpoint, four to eight meals annually over a ten year

-«.. period would result in acceptable levels of risk similar to other

dietary risks. For a person only occasionally visiting the lake, a

higher rate of fish consumption would not yield unacceptable risks.

Stuart et al. (1984) presented the results of analyses of Crab

Orchard Lake fish for polychlorinated dibenzodioxins (PCDDs) and

polychlorinated dibenzofurans (PCDFs). These were whole fish

samples of largemouth bass, channel catfish, and carp captured from

•

the eastern portion of the lake. The most highly toxic of this class
'

of chemicals, 2,3,7,8-tetrachlorodibenzodioxin (TCDD), was not

H| detected. One catfish contained unspecified penta- and

hexachlorinated PCDD. Some of the fish analyzed contained 2,3,7,8-

§ y tetrachlorodibenzofuran (TCDF) at a mean level of 15 ppt, and two

MB fish of the ten analyzed contained other TCDF isomers, with a group

average of 2.5 ppt. Clark (1988) has indicated that in the environ-

ment, the 2,3.7,8-TCDD and TCDF compounds, the more toxic

congeners of these classes, appear to preferentially bioaccumulate.

This might In part explain why other TCDF congeners present in

commercial PCBs were not detected in this fish survey.

Fink (1986) uses a conversion factor of 1/3 to estimate fillet

concentrations of bioaccumulated organic contaminants to fillet

concentrations. Therefore, the whole body TCDF data are converted

to 5 ppt of 2.3.7,8-TCDF and 0.8 ppt of other TCDFs In fillets.

Under the upper bound fish consumption scenario constructed for
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PCBs, and assuming lifetime dally consumption of 30 grains catfish

with no difference in PCOF concentration between the east and west

portions of the lake, a dally adult (70 kg) Intake of 2.1 x 10~9

mg/kg/day of the 2,3,7, 8-TCDF and 0.36 x 10~* mg/kg/day of other

TCDFs is estimated.

In the absence of an extensive lexicological data base for PCDFs

in general, U.S. EPA (1987, 1988) has adopted a weight of evidence

approach to risk assessment of these compounds, termed the toxic

equivalency factor approach, as an Interim risk assessment procedure.

In this approach, available test data and quantitative

structure-toxicity relationships have been reviewed in order to rank

the relative toxicity of the various PCDD and PCDF compounds and

congeners relative to the best characterized and most toxic compound

of these groups, 2.3,7,8-TCDD. Under this approach, the

2, 3, 7, 8-TCDF congener is given a toxicity equivalence factoi of 0.1

relative to 2,3,7,8-TCDD, and all other TCDFs are given a factor of

0.001. The cancer potency factor of 2,3,7,8-TCDD is currently given

as 1.56 x 10 (mg/kg/day)~ . Therefore, the potency factors of

2. 3. 7, 8-TCDF and other TCDFs are estimated as 1.56 x 10U

(mg/kg/day) and 1.56 x 10 (mg/kg/day)~ , respectively. The

lifetime cancer risks from exposure to these compounds at the above

estimates of exposure ar«, consequently, 3.3 x !0~ for 2, 3, 7, 8-TCDF

and 5.6 x 10~7 for the other TCDFs. Since the risk estimate for PCB

exposure at the same fish consumption rate is 2 x 10~ , the TCDF

exposure might increase overall risk to 2.3 x 10 , a factor of 15

percent. This incremental risk factor could be added to all risk
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estimates presented In Table 38-3 to give an upper bound additive

risk for PCB and TCDF exposure. __/

In view of the Inherent"uncertainty In quantitative*carcinogenic

risk assessment, the biological significance of '"this estimated

incremental risk Is unclear. In addition, some'' of "the PCDD-IIke

congeners present in aroclor mixtures often used In toxicological

evaluations of PCBs may be responsible for some 'portion of the

observed toxlcity (Hileman, 1988; U.S. EPA, 1987). depending on the

effect studied and the biochemical mechanism Involved. If this applies

to this risk assessment, the incremental risk from TCDF exposure via

fish consumption may be somewhat overstated. However, in view of

the possibility that certain PCDD and PCDF congeners may

preferentially accumulate in sediments and in fish, including the more

toxic 2.3.7,8-tetrachloro derivatives, environmental mixtures might be

enriched in these components relative to commercial mixtures.

Therefore, a conservative approach to this aspect of the risk

assessment is desirable. . *.

Short term consumption of catfish containing the average PCB

levels (Scenario C. of Table 38-3) observed at Crab Orchard Lake

does not result in intake levels which would be a cause for concern

from non-carcinogenic PCB toxicity. Using a threshold exposure level

for short-term non-carcinogenic effects of 1 mg/kg/day and a safety

factor of 100, U.S. EPA (1986) established a short term acceptable

Intake level of 0.7 mg/day for a 70 kg adult for a ten day exposure

period. At a fish ingestion rate of 250 g/day, assuming one meal of

catfish daily during ten consecutive days, and a fishing pattern of 95

percent of catfish obtained from the west end and 5 percent of catfish
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from the east end of Crab Orchard Lake, a daily PCS intake of 0.61

mg/kg x 0.25 kg/day or 0.15 mg/day is estimated. This intake is

well below the acceptable . level of 0.7 ing/day/rfor short term

exposures.. , >v.. <

For longer term exposures, ATSDR (1987) and U.S. EPA ECAO-

CIN-*U (1987) have identified a no observed adverse effect level

(NOAEL) for Aroctor 1016 for developmental toxlcity (reduced birth

weight) of 0.01 mg/kg/day upon chronic oral exposure in monkeys.

U.S. EPA ECAO-CIN-414 (1987) established a long-term health

advisory Reference Dose for non-carcinogenic effects by applying a

100-fold uncertainty (safety) factor to this NOAEL, or 0.0001

mg/kg/day. At an ingestion rate of 30 g fish per day x 0.61 mg

PCB/kg fish, a daily exposure rate of 0.00026 mg/kg/day for a 70 kg

woman is estimated. This upper bound exposure estimate of 0.00026

mg/kg/day is higher than the Health Advisory intake level. However,

this exposure level does not necessarily imply that developmental

toxicity will be observed in hun..ns exposed at this level because of

the conservative nature of the assumptions and safety factors used.

In fact, this exposure level is 50 percent lower than the lowest

observed adverse effect level (0.0004 mg/kg/day LOAEL) seen in the

monkey study with a 100-fold uncertainty factor applied. In addition,

the rhesus monkeys studied were more sensitive to PCB effects than

another highly sensitive species, such as the mink.

To place these estimates in perspective, and to illustrate the

sensitivity of the risk analyses to the average concentrations detected

in fish (as well as to the procedure for analyses of fish samples), the

risk levels associated with consumption of freshwater fish available in
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interstate commerce in the U.S. were reviewed. The U.S. Fish and

Wildlife Service reported that whole body PCS residues In freshwater

fish nationwide In 1980-81 averaged 0.53 ppcn (Schmidt r«t a*., 1985).

As an approximation, the edible portions of fish tissue are often

assumed to contain one third the. lipophHIc contaminant level of whole

fish due to decreased fat content (Fink. 1986). Thus, under the same

conservative dietary assumptions used 1n this assessment (30 g of fish

consumed every day over a 70-year lifetime) for an avid freshwater

sport fisherman, it is estimated that a fillet PCB level of 0.53/3 or

0.18 mg/kg - the average level throughout the country in 1980-1981 ~

has an associated risk of 5.8 x 10~ .

Similarly, the estimated risk level associated with consumption of

freshwater fish containing the national average concentrations in

edible tissue reported for the period between 1976 and 1979 is

—fl9.6 x 10 , assuming the same lifetime consumption rate of 30 g fish

daily (see Table 38-3). This risk estimate is proportional to the

higher national average PCB concentration reported in ATSDR (1987)

for the period between 1976 and 1979. The downward trend in

residue content would appear directly related to decreases in general

environmental PCB residues due to restrictions on the manufacture

and use of PCBs. Risks to the average consumer of fish would be

substantially less, as saltwater fish, containing much lower PCB

residues than freshwater fish, comprise a significant portion of fish

consumed in the typical diet.

Background risk levels are largely a function of the analytical

protocol (and analytical detection limit) employed in the analysis of

fish samples. This dependence is illustrated, in part, by the
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magnitude of the above estimated risks associated with consumption of

commercially available .fish containing the nationwide average PCB
•

concentration reported in ATSDR (1987). To Illustrate the direct

dependence of the risk levels estimated for this site to the detection

limit of 0.* mg/kg employed in this analytical program (a common

detection limit utilized nationwide in the analysis of PCBs in fish

tissue), the risks associated with consumption of only fish flesh with

results below the detection level were estimated. Assuming the

undetected results are averaged as being equal to the detection limit

of 0.4 mg/kg, and are consumed at a rate of 30 g daily during a 70

year lifetime, the risk is estimated to be 1.3 x 10 . Thus, in order

to provide a less biased while still conservative estimate, scientists

and regulatory personnel often utilize one half the analytical detection

limit as a proxy for the undetected results in computing the average
v

of a particular data set. Using this procedure to re-evaluate the

risks associated with consumption of fish samples which do not contain

detectable PCB levels results in a risk level of 6.6 x 10~ . Use of the

preliminary data reported in recent studies by SIU (Kohler,

undated), which revealed an average PCB concentrations of 0.2

mg/kg in fish tissue from Crab Orchard Lake, would yield comparable

risk values as using one half of the detection limit of 0.1 mg/kg.

There are several factors in addition to the total quantity of fish

consumed, the estimated average level of contamination, and the

analytical detection limit which may have a direct bearing upon the

nature of this analysis. These factors should also be considered when

evaluating and using the above risk estimates:
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1. It Is wall recognized that certain methods of cleaning and

cooking fish can remove significant amounts of contaminants

found In fatty portions of edible fish tissue. Including PCBs

(Cordte et al., 1982). For Instance, mean whole body PCB

residues In lake trout from Lake Michigan in 1973-1974 of 18.9 to

22.9 mg/kg were decreased to 1.03 - 4.67 mg/kg after cleaning

(I.e. removing head and Internal organs) and cooking. Zabik et

al. (1979) also demonstrated a significant reduction of PCB levels

in lake trout fillets containing large amounts of fat by various

cooking techniques including broiling, roasting, and

microwaving. The degree of residue removal was dependent on

the cooking method, with broiling and roasting more effective

than microwave preparation.

Skea et al. (1979) showed a lower degree of removal using

less fatty fish; brown trout and small mouth bass. Smoking

removed 12 percent of Aroclor 1254 residues in the brown trout,

whereas broiling increased the residue level, presumably by

removing tissue water. In the smallmouth bass, baking increased

the residue level while deep frying reduced the level by nearly

50 percent. Zabik et al. (1982) compared several preparation

methods for effects on PCB residue level in cooked and raw carp

fillets and reported either no effect or an increase in

concentration. Thus, the degree of residue reduction of PCBs by

cooking seems dependent on the species concerned, primarily due

to variation in fat content, and cooking methods used, due to

varying efficiencies for removal of fat and tissue water.
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The presented assessment assumes that 'all PCBs in the

fillet before cooking are carried over in the cooked meal. It Is

quite possible, however, that some portion o$. thf. residues would

*- •-,., &• Iost during preparation of the food by certain methods,

* although no experimental data were located for the species
i«r '

assessed (largemouth bass and catfish). This lack of specific

date and the variability observed in the literature precludes a

quantitative estimate of possible risk reduction by cooking. As a

result, further Investigation on the effect of preparation of these

species would be a useful aid for further refinement of this site

assessment.

2. As a conservative precaution, carcinogenic risks were estimated

as if the PCBs in question were of a potency equivalent to

Aroclor 1260, whereas only A roc I or 1254 residues have been

observed in Crab Orchard Lake sediments and fish. Under the

conditions of a National Cancer Institute (NCI) chronic bioassay

of two-year duration, Aroclor 12S4 did not demonstrate

convincing evidence of carcinogenicity in rats (as reviewed in

Exhibit C, Harbison et al., 1987). Because the experimental

design of the NCI study may have lessened the power to detect

elevated tumor incidence. U.S. EPA has assessed the risks of all

PCB aroclors including 1254 as if these were all of equivalent

potency to Aroclor 1260. Two studies of greater than two-year

duration in rats with Aroclor 1260 produced elevated rates of

liver tumors in the late stages of the animals' lives. As reviewed

in U.S. EPA ECAO-CIN-411 (1987) and ATSDR (1987). the
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Aroclor 1260 studies have been selected by regulatory agencies

as the basis for carcinogenic risk assessment of alt PCBs.
•fe.

Based upon what is known about the comparative

biochemical toxicology of PCB congeners, however. Aroclor 1254

may be less potent as a carcinogen than Aroclor 1260. The more

heavily chlorinated PCBs (penta- and hexachlor-) are believed to

be most toxic to the liver, and these congeners predominate in

Aroclor 1260 relative to 1254 (ATSDR, 1987). Thus, even if

Aroclor 1254 were to show carcinogenic properties in rats if

tested under the same conditions as Aroclor 1260. it is possible

that the effect would be less, due to lesser presence of highly

chlorinated organics.

This argument concerning the potentially lesser potency of

Aroclor 1254 may not be applicable to environmental exposures in

all cases. Because of their relatively low water solubility and

greater persistence, environmental Aroclor 1254 residues in sedi-

ments and fish may be enriched in heavily chlorinated congeners

relative to the commercial mixture as manufactured. Thus, the

environmental mixture of Aroclor 1254 congeners might on

occasion more closely resembfe lexicologically a commercial

Aroclor 1260 mixture compared to a commercial 1254 mixture.

This does not, however, appear to be the case fcr the fish

residue data generated in the Rl. Examination of the gas

chroma tog raph scans by a PCB analytical specialist indicates that

the Rl Aroclor 1254 patterns were representative of standard

Aroclor 1254, with little of no enrichment of the more heavily

chlorinated congeners (Hill. 1988).
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•••:••. Ttw study by Norback and Weltman (1985) which forms the

basis for the quantitative potency estimate for Aroclor 1260 and

all other t PCBs, is somewhat flawed and its relevance to human

risk assessment has been questioned (Exhibit C, Harbison et aL,

'> • • : 1987). The dose administered appears to have been hepatotoxic,

excessive control mortality was observed, and a number of the

animals which were scored as tumor-bearing had received a

partial hepatectomy (a possible tumor promoting influence) earlier

in the study. The liver tumors induced in treated animals

appeared very late in the animals' lives, and did not appear to

be life-threatening or metastatic. These observations inject

additional uncertainty into the quantitative assessment of the

health risks from ingestion of fish containing PCBs. Use of these

data helps ensure, however, that the assessment of risks

associated with PCB exposure errs on the side of overstating

rather than understating the risks.

The factors discussed above, as well as those presented

elsewhere in this report (Section 6.5 and Section 38.H.3, Analysis of

Uncertainties), illustrate the necessity to consider the underlying

uncertainty as weJI as the overall weight of evidence when applying

this approach to a case-specific assessment.

• Humans night also receive exposures to PCBs from consumption

of certain duck and geese species which may have been exposed to

; residues from bottom sediments in the eastern area of Crab Orchard

Lake. According to the Refuge Manager, the 13,000-acre Refuge

supports a peak population of approximately 12,000 ducks and 100,000

geese during the fall and winter seasons. The duck population
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consists of about 10.000 puddle ducks (surface feeders) and 2,000

diving duck species which spend an average of two months/year at

the Refuge. Both geese and ducks utilize the eastern «*d of the lake

for resting and loafing purposes. These species generally feed very

little in the lake because farm crops are abundant throughout the

Refuge. Diving ducks, although seen occasionally resting in the east

end, generally prefer deeper water areas in the western portion of

the lake. Although the number of waterfowl on the eastern end

mudflats or shallows may reach 2-4,000 birds for several days,

individual birds and subflocks are constantly changing with other

groups elsewhere on the Refuge on a daily or hourly basis. Thus, an

individual bird is estimated to spend no more than 10 days maximum

per season in the eastern portion of Crab Orchard Lake. Based on

this limited exposure to sediments in the east area of the lake, and

the low residue levels present, ducks would not be expected to

accumulate significant PCB residues. The ingestion of duck or geese

from Crab Orchard Lake is not considered to represent a risk to hu-

mans or wiidiife at the Refuge.

In summary, the estimated risks to humans associated with

consumption of fish are within a range of 10~ excess lifetime cancer

risk for rates of fish consumption between 10 and 80 meals occurring

over a few years or over a lifetime of 70 years. At higher rates of

consumption (greater than a meal per month or 12 meals/year), for

more than three consecutive years or a lifetime, excess cancer risks

would exceed 10 for most consumption scenarios. • • - . - - •
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Wildlife .

The presence of PCB residues In fish in Crab Orchard Lake

creates a complete exposure pathway for piscivorous birds and

mammals In this region. Mink* otters, and other fish-consuming

mammals living near the eastern portion of the lake may be exposed to

the levels of PCB residues which have been detected in sediments and

bottom-feeding fish. In particular, mink are highly susceptible to the

acute and subchronic effects of PCBs (Newell et al. 1987), and thus

will be a focus of the wildlife risk assessment. Piscivorous and/or

aquatic birds may also be exposed to PCB residues since such birds

would be expected to obtain a portion of their total diet from

captured fish or fish carrion taken from Crab Orchard Lake. As

discussed below, the Refuge is an active nesting area for 2-3 pairs of

bald eagles, an endangered species with documented sensitivity to

chlorinated hydrocarbon pesticides and perhaps PCBs. Herons and

osprey may also be exposed via ingestion of fish obtained from some

portions of Crab Orchard Lake. Certain species of duck might obtain

part of their diet from Refuge fish; however, according to the Refuge

Manager, such species spend approximately two months per year at

the Refuge as a temporary habitat during their excursion north, and,

during this period, spend most of their time feeding or loafing in the

deeper areas of the lake, on the west end of the Refuge. Less

migratory species of duck and/or geese which might remain at the

Refuge long enough to receive limited exposure to contaminants are

predominantly vegetarian, and tend to feed on various agricultural

crops surrounding Crab Orchard Lake. For the above reasons, duck

and geese will not be considered in the quantitative assessment.
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In order to assess risks to piscivorous mammals, it will be

assumed that a population of mink exists on the eastern portion of

Crab Orchard Lake. As reviewed in Newell et al. (1987), a typical

mink diet consists of about 50 percent fish, and a 1 kg adult mink

consumes approximately 150 g of food per day, or 75 g of fish. Fish

in the eastern portion of the lake (17 samples, all species) contained

an average of 1.2 mg/kg in the muscle fillet ("edible tissue11). Whole

body residues may be reasonably assumed to be three times as high

(Fink, 1986), or 3.6 mg/kg. Thus, a mink consuming 75 g per day of

fish containing 3.6 mg/kg of PCBs would receive a daily exposure of

0.27 mg/kg body weight/day. Newell et al. (1987) estimated that a

daily intake of 0.13 mg/day would provide a margin of safety of 5

fold against the lowest level of dietary PCB exposure associated with

reproductive impairment in laboratory tests with mink. Thus, the

worst case exposure scenario provides a safety factor of more than 3

fold over the lowest observed effect level in mink. In view of the

observation that mink tend to feed predominantly on young fish which

have not had the opportunity to acquire elevated contaminant levels

(Ruelle, 1987), this safety factor is concluded to be adequate.

Piscivorous mammals less sensitive than mink would be expected to be

further below the effect threshold, because mink are the species with

the greatest documented sensitivity to PCBs.

In contrast to a resident mink population, piscivorous birds on

the Refuge can obtain food from a number of sources, including all of

Crab Orchard Lake and other aquatic systems. In developing criteria

for contaminants in fish flesh in regard to piscivorous wildlife, Newell

et al. (1987) utilized a food consumption rate of 20 percent of body
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weight per day .for a number of piscivorous birds, including bald

eagle, great blue heron, and osprey. An adult bald eagle body weight

of 4.5 kg is used in the assessment below* According to the Refuge
'•>

Manager, the peak winter population of eagles on the Refuge Is 30

birds. If these winter eagtes restricted their food source to the

vicinity of Crab Orchard Lake, their diet would consist almost

entirely of wounded waterfowl and miscellaneous road kills such as

snakes, squirrels, and rabbits. During the spring and summer (May

through August) only 2-3 nesting pairs of bald eagles utilize Crab

Orchard Lake; the diet of these birds during these four months is

made up of approximately 80 percent fish species and 20 per cent

carrion. It is reasonable to assume that the total fish diet is taken

randomly from all areas of the lake, given the large foraging range of

this species. If sampling locations 11B, I2C, and *3G in Figure 38-3

are considered to be representative of the eastern area of the lake

(east of Wolf Creek), and sampling locations I4H and ITOJ are

considered representative of the species on the west side of the lake,

the average fillet tissue concentrations of PCBs for all fish species

from the west and east portions of the lake are 0.37 and 1.2 mg/kg

respectively. (Similar to the assumptions for the human health risk

assessment, samples with results below the detection level are

considered as one half the analytical detection limit or 0.2 mg/kg).

The relative volume of water in the west portion of the lake is

greater, since the average depth of the western area is 8-9 ft.

versus 2-3 ft. on the eastern side. In addition, the west area

represents approximately 97 percent of the total fishable acres in

Crab Orchard Lake. If it is assumed that the fish population is
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roughly proportional to the area of the lake (3 percent east, 97

percent west), then the weighted average PCB fillet tissue concen-

tration would be 0.39 mg/kg for the overall fish population in Crab

Orchard Lake. The whole body concentrations consumed by eagles

would be estimated to be three times this concentration (Fink, 1986)

or 1.2 mg/kg.

Considering the above assumptions, a 4.5 kg adult eagle is

estimated to consume 0.19 mg PCBs/kg/day during the four summer

months when its intake is comprised of 80 percent whole fish and it

maintains a consumption rate of 20 percent its body weight.

Normalizing this intake over a one year period to be representative of

both winter and summer dietary intakes, an exposure level of 0.057

mg/kg/clay is estimated for eagles. Applying a 10-fold margin of

safety to a no observed effect level (NOEL) for reproductive effects

in PCB- exposed domestic hens (data on target species being

unavailable), Newell et al. (1987) concluded that a daily intake of

0.11 mg/kg/day was an acceptable intake level for birds. The

estimated daily intake (0.057 mg/kg/day) for eagles or other similar

piscivorous birds at Crab Orchard Lake is roughly one half this

value, and is welt below the NOEL of 1.1 mg/kg/day for reproductive

toxicity in domestic hens. Thus, for effects to be seen in eagles at

this level, they would have to be significantly more sensitive to PCBs

than domestic hens and the birds would have to obtain at least 80% of

their fish diet from Crab Orchard Lake during both the summer and

winter months. •

Benthic and bottom feeding organisms may be at risk from

ingestion of bottom sediments bearing PCBs, and possibly from
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absorption of localized residues of these compounds in water near and

beneath the sediment surface. However, these - risks cannot be

quantified due to lack of data on Ingestlon rates and bloavailability of

these residues, and uncertainty regarding the ability of these

> compounds to produce acute and chronic effects at low levels. The

risk levels evaluated above for piscivorous mammals and birds suggest

that wildlife are not subject to unacceptable exposure levels due to

contaminants in Crab Orchard Lake fish.

38.1.3 Sedimentation Analysis

As a followup to the Phase II investigation, split-spoon sediment core

samples were collected from five locations (32-98, 103, 101, 105, 107, see

Figure 36-3) within the embayment adjacent to the Area 9 Landfill. One

core was also collected at a location (7E, 34-22) toward the center of the

lake, which is further removed from surface discharges and is close to a

,i' narrow opening between the west and east lake portions where the water

velocity would be greater. The depth to naturally occurring sublake soils

was determined for each sediment core by noting the appearance, soil

type, and iroisture content at 6 in. to 1 ft. intervals for the continuous

split-spoon samples. The depths of sediments were measured as 66, 51, 54,

33, and 54 inches respectively, or a mean of 51.6 inches for the Area 9

embayment. The depth for the sediment core from Location 31-22 at the

\ center of the lake was 18 inches. Since the lake has existed for

approximately 45 years, an average sediment deposition rate of 1.2 inch

i per year or 2.9 cm per year is estimated for the embayment, and 0.1 inch

] or 1.0 cm per year for the mid-lake areas. According to Fink (1987),

these are deposition rates characteristic of productive reservoir systems.
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Fisher et al. (1983) studied the release rate to overlying water of

four pdychtorinated biphenyls (trl- and tetrachloro-) contained in

contaminated bottom sediments collected from Waukegan Harbor In Illinois,.

Having determined the rate of flux and the rate of migration through

"•" interstitial water in the sediments by molecular diffusion, these authors

concluded that even the most mobile of the PCBs studied had an extremely

low diffusivity through the sediments. Using these values for upward

migration, it was determined that sediment deposition would overtake

diffusion as the determining element for PCB release if other disturbing

influences such as wave action, and biological disturbances are ignored.

For instance, it was concluded that a sediment deposit rate of 0.004 in. or

0.01 cm per year would remove PCBs in a surface sediment layer from

communication with overlying water in approximately three years.

In the absence of other factors, therefore, the estimated sediment

deposition rate for the bay would remove sediment containing PCB residues

from communication with the free water column within less than a year once

remediation of on land contaminants has been completed. As noted by

Fisher et al. (1983), sediment disturbances such as caused by wind or

current, or by fish and benthic organisms could retard this rate of

encapsulation of contaminants. Since this region of the lake is frequented

by carp and other bottom-feed ing fish, it may be more conservative to

assume that the upper 5 cm or so of the sediments, constituting the active

sediment zone, is being continuously mixed by the action of fish, waves,

and benthic organisms. Thus an influx of 2.9 cm of non-contaminated

sediment per year into the bay would reduce existing PCB concentrations

by about 60 percent annually, by simple dilution, exclusive of

biodegradation or other dissipative mechanisms. Thus, three years after
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the transport of PCBs to the bay ceased, residues would be reduced to

about 6 percent of previous values, and to 1 percent after 5 years.

38.*.* Analysis of Uncertainties

As has been discussed elsewhere in this report (see above and

Section 6.5), several key areas of uncertainty are contained in this risk

assessment. To ensure that the assessment does not understate the

magnitude of the upper bound of risk, multiple ranges of assumptions (i,e.

dietary habits, residue levels, duration of exposure) spanning a possible

least case scenario to a possible worst case scenario were employed.. ' .ie

approach used to derive the worst case risk estimates is not intended to

estimate the actual risks which may be associated with this site, which are

most likely defined by a probability distribution rather than a discrete

value. The probability that even a small subset of the human and wildlife

populations might begin to meet the set of worst case assumptions used is
»

small. It is unlikely that the level of risks calculated could be detected'

above background incidence of disease. The upper bo. .id risk estimates

are of importance in this case because of the severity of the potential

effects, not because they are likely to occur. In addition, the

quantitative assessment model assumes that all PCB aroclors are as

carcinogenic as the most toxic Aroclor 1260, even though there ' reason

to conclude that Aroclor 1251, which was the only Aroclor detected in the

residues at this site, may be less potent.

Additional uncertainty is introduced due to the limited size of the

analytical sampling program for this Rl; this degree of uncertainty must

also be considered in the interpretation and conclusions derived from the

evaluation of this site. Although limited, the Rl analytical data are
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generally supported by the more extensive database developed as part of

ongoing monitoring programs conducted by the Illinois Department of Public

Health (IDPH. 1976-1987) and SIU (Kohler, undated). Th* results from

these monitoring data are presented in the Review of Previous

Investigations in Section 2.7. v - . ,

38. S Preliminary Remedial Alternatives -

Three samples of lake waters remote from the Refuge waterworks intake

contained part per trillion levels of PCBs; these results were above the Ambient

Water Quality Criteria for human health, but only one sample exceeded the

concentration standard for protection of aquatic life. Lake waters near the

waterworks intake and after treatment did not contain detectable levels of PCBs

(detection limit of 0.005 ug/L). The treated- water supplies exceeded the

criteria for some trihalomethane compounds, likely due to the drinking water

requirements for residual chlorine after treatment. Corrective measures have

been instituted in the treatment of these waters to reduce trihalomethane level

below the standards. In addition, the water samples from some areas of Crab

Orchard Lake contained low levels of arsenic and mercury above the ambient

water criteria for human health. However, all detected constituents were below

the Ambient Water Criteria for protection of aquatic life with the exception of

PCBs in one sample from the embayment near Area 9. Sediment samples from the

lake contained phthalates and trace semi-volatile compounds; however, the

phthatates were also detected in the laboratory blanks. The sediment samples

from the Area 9 embayment also contained microgram (ppb) levels of PCBs.

As evaluated in the previous section, the effects of contaminants in lake

sediments appear to have resulted in PCB concentrations in some fish from Crab

Orchard Lake above the FDA tolerance level for this regulated substance. Two
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1
carp composites (S.4 and 3 mg/kg PCBs; 3.9 and 4.4 mg/kg when re-analyzed)

and one bass composite (1.05 mg/kg mercury) collected from the eastern area of

the lake exceeded the FDA criteria of 2.0 mg/kg for PCBs arid 1.0 mg/kg for

" mercury. <- ••<•-

These data were evaluated in a detailed risk assessment (Section 38.4),
, (»

however, with the conclusion that the risks to local fishermen and to wildlife do

not warrant direct remediation of lake sediments. Based on the review of previ-

ous information and the evaluation of current site conditions as part of this

investigation, no remedial measures are recommended for Crab Orchard Lake,

except for periodic monitoring of lake waters, as detailed in Attachment 1. The

attached Monitoring Plan proposes continuing monitoring of waters at this site

and other tributaries and drainage routes to Crab Orchard Lake.

Periodic monitoring of lake fish and sediments is also recommended,

whether as part of a continuing program conducted by the State of Illinois, or

in conjunction with the proposed plan in Attachment 1. Further monitoring of
•..•''"

fish residues with a method permitting a lower analytical detection limit would

lead to a more accurate quantitative determination of risks associated with

consumption of fish containing fillet PCB residues at the lower end of the range

observed in the various investigations, in terms of both species analyzed and

area of the lake sampled. In addition, any such monitoring should include

analyses for PCDD and PCDF congeners in fillet tissue to more accurately

determine overall risk from fish consumption.

3B.6 Conclusions and Recommendations

It can be concluded that the waters of Crab Orchard Lake generally meet

all regulatory standards and criteria for human health and aquatic life v/ith the

exception of low concentrations of PCBs, arsenic and mercury in isolated
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* locations. Some sediments contained low levels of PCBs, phthalates, and other

ft

en the circumstances of Crab Orchard Lake. Including observed fishing

t the remedial measures contemplated for various'potential PCB sources

the lake, the low levels 'and"ilm1te<rareas of PCBicontamination in lake
• -. ;::->•- ' ^ ,,;

sediments, the apparent health "of vlth7*Jextstihg1^aquatic ""ecosystem, and the

natural self-sealing mechanism provided by the lake sedimentation, no remedial

measures are recommended for the lake. For these reasons, the lake will not be

carried forward into the Feasibility Study. c

As with several other sites not being evaluated in the FS, a proposed

followup monitoring program for lake waters has been included as Attachment 1

of this report. It is further recommended that lake fish and sediments continue

to be monitored on a periodic (e.g. annual) basis following implementation of

source control measures.

k
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SECTION 39 - SITE 35. AREA 9 \ V A T L R V . A Y

!_'L:' Site Description

Site 35 is a low lying spot in an agricultural field to the ejbt of Area 9.

(See Figure 3 9 - 1 ) . Vegetation does not grow in the area of depression, in-

dicating the potential presence of contaminants.

39.2 Site Investigations

.39.2 .1 Phase I Site Investigations:

One composite soil sample was collected during Phase I.

3 9 . 2 . 2 Phase II Site Investigations:

No samples were colfected during Phase II.

3 9 . 3 Analytical Results (See Appendix I, Page 31)
* #

Unusually high specific conductance, 11 ,650 umhos/cm, was measured in

the soi l 'sample, possibly due to the accumulation of salt. A trace (0.016 mg/kg)

of PCBs was-detec ted. The concentrations of all other parameters were below

those detected at the Refuge control sites, although the volatile and

*semi-volati le organics data for Phase .1 art questionable due to ,QA/QC

. deficiencies or- unreliable support data (see' Exhibit B). Some compounds
* .

reported as not detected may in fact be present.

I
I
I
I
I
I
I
I
I
I
I
I
' I
I
I
I
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FIGURE 39-1
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39 .'I Environmental E f fec ts

3 9 . t . T Qualitative Assessment

This site was chosen for investigation based on an inspection of

site by the Refu'ge V.anager. The lark of vegetat ion in the depression of

this site led to speculation that this ared might be contaminated.

Other than an unusually high specific conductance, which was

attributed to the salt content of the soil, all other parameters were within

the range of their respective Refuge background levels. Aerial photos

show this location t o - b e a wet spot within a low-lying area of an

agricultural field. It is speculated that agricultural runoff containing

fert i l izers, etc. accumulates at this location and then evaporates, leaving

behind an accumulation of salts.

Because there is no-established waste source at this location, it is not

possible to have a "complete" exposure scenario. Therefore, on the basis

of the information generated, it can be concluded that the site does not.

represent a risk of chemical exposure to potential human or wildlife

*receptors.

39.1.2 Quantitative Assessment • • '

Because a complete exposure scenario could not be identified in the

qualitative assessment, there is Vio basis for preparing a quantitative risk

evaluation.

3 9 . U . 3 Analysis of Uncertainties

The major information relied upon for evaluating this location was a

site inspection and a sample analysis. An inspection of the site revealed a

depression in the field that lacked vegetation. It was speculated that

contaminants may have caused the lack o-f vegetation.

39-2 . -
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!L Chemical residue information consistrd of «in«»ly t i<_j l results 'or one

surface soil sample. This information vsas obtained orily for the top one

foot of soil; deeper soil borings vsere not conducted. Si/ice only a t r jce of

PCBs were • detected and all other parameters v.ere belo*. detection limits,

there is no evidence to suggest that this site is contaminated.

It can be concluded that the data generated are adequate for

evaluation of this s i te. The sampling analyses indicate that the site does

not contain contaminants at levels that would be detrimental to human

health or to the environment.

r-
E
I

I

I

I

I

fe-

ll

39.5 Preliminary Remedial Alternatives

* Preliminary Phase I screening results discussed in the previous sections

indicated that this -si te does not contain contaminant levels that would result in

a negative environmental • impact. Therefore this site^ was not included in the,'

Phase H investigations. There will be no further evaluation of remedraf

*alternatives, and this si te will not be included in the FS. • . .
* & " '. •

39.6 Conclusions arid Recommendations "

It can be concluded that the East Waterway site does not represent a

chemical exposure risk to human or wildlife receptors at the Refuge or at other

locations. No further evaluation is- recommended-for this site.'
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SECTION 1 - INTRODUCTION

T.01 Purpose

This Monitoring Plan has been developed to provide the specifica-

tions for periodic routine monitoring surface waters at the Crab Or-

chard National Wildlife Refuge (CONWR). The purpose of this monitor-

ing program is to ensure that water quality at CONWR does not deviate

significantly from the conditions observed during the Remedial Inves-

tigation.

Quarterly reports presenting the results of the site monitoring will

be prepared and filed at the Refuge headquarters. The quarterly

reports are described in Section 3.05. Monitoring activities should

continue for a period of thirty years or through the duration of active

industrial operations at the Refuge.

1.02 General

The Crab Orchard National Wildlife Refuge is owned by the U.S.,

government and is currently administered by the U.S. Fish and Wildlife

Service (FWS). During the past 40-50 years, several industrial tenants

have leased land on the eastern portion of the refuge for manufacturing

operations. Some industrial tenants have continued their operations on

the eastern area, while the western portion of the refuge is a popular

recreation area. Public access to the refuge is limited to authorized

personnel on the eastern portion. A remedial investigation (Rl) of 33

study sites at the refuge was completed in 1988 to evaluate the the

existing conditions of Refuge sites, tributaries of Crab Orchard Lake

and Crab Orchard Lake, a drinking water supply for the refuge. Six



sites were carried forward to a Feasibility Study evaluation of remedial

alternatives due to the presence of some contaminants in soil or sedi-

ments. Eight sites (Table 1) were recommended for monitoring of

surface waters due to their proximity to active industrial operations.

Section 4 details the site specific monitoring locations and parameters

for these eight monitoring sites.



SECTION 2 - SAMPLING PLAN

2.01 Sample Types
»»*''"

Surface water is the media of interest for the purposes of this

Monitoring Plan. Waters from surface streams and Crab Orchard Lake

will be sampled.

For the most part, all samples will be obtained as single grab

samples. However, at some sites, composite samples will be prepared.

The compositing procedure to be followed is discussed under the

sampling procedures described below for each type of surface water

that is to be sampled.

Field blanks, field duplicates and matrix spikes/matrix spike

duplicates (MS/MSD) will also be collected or prepared as part of the

quality assurance and quality control (QA/QC) requirements outlined in

Section 3.

""" The number of samples to be collected for each of these categories

will be dependent on the total number of samples to be collected. A

description of each type of QA/QC sample follows. Field duplicates are

two distinct samples taken from the same location at similar times using

identical sampling equipment that has been decontaminated in a similar

manner. One field duplicate will be collected for every ten samples

collected. Field blanks for surface waters will be prepared using

ultrapure distilled/dionized water. The field blank sample will be

placed into the appropriate decontaminated sampling equipment, removed

from the equipment and then placed into the proper sampling contain-

ers. One field blank will be collected for every twenty samples collect-

ed. Matrix spike (MS) samples are collected following the sampling



procedure for the matrix being investigated using the same procedure

as for the field duplicate samples. Samples tagged as spikes will be

treated with matrix spiking solutions in the laboratory and will be

analyzed In duplicate (MS/MSD). One matrix spike sample will be

collected for every twenty samples.

2.02 Sampling Procedures

2.07.01 Surface Water

Surface water samples should be taken from 2 to 5 (or more)

points spaced equally across the width of the stream, seepage, or

pond. The specific number of points may be determined in the

field and should be adequate to accurately reflect the size of the

body of water being sampled. At each point, subsamples should

be collected, representative of the total depth of the body of

water. The subsamples may then be composited into a single

sample for analysis, dependent upon the intent of the sampling

program. For small shallow streams, a single sample collected just

below the surface at the stream's midpoint may be adequate for

sampling and analyses purposes.

Whether samples are obtained from a boat, a bridge, or by

wading into the water body, samples should be taken while facing

upstream, away from the influent of the sampler or stream flow.

Collection Is accomplished by submerging a precleaned, prela-

beled container at the sampling point to the depth required.

Sampling containers should be preserved with the appropriate

preservatives as detailed in Table 2. Container types are also

specified in Table 2 for the different analyses required. For deep



streams, or deep ponds, a Kemmerer, Van Dorn or other sampler

specifically designed for this purpose may be used. For shallow

(I.e. less than three feet deep) locations, an inverted sample

container may be carefully submerged by hand and then slowly

allowed to fill.

Samples should be stored in an insulated ice cooler at 4

degrees Celsius. All pertinent information should be recorded in

the sampling log book and chain of custody forms, including

sample collection date, location and identification.

2.02.02 Lake Water Columns

A composite column water sample from Crab Orchard Lake will

be obtained as follows: discrete samples from the surface,

mid-depth and approximately six inches from the bottom will be

taken using a stainless steel Kemmerer, Van Dorn or other sampler

specifically designed for this purpose. The sampling device will

be decontaminated and rinsed with the water to be sampled prior

to each sample collection.

Equal aliquots from each of the three depths at each site

should be composited in the proper precleaned, prelabeled, pre-

served containers as necessary for the analyses to be completed..

The samples should be stored in an insulated ice cooler at U de-

grees Celsius. AJI pertinent information should be recorded,

including sample collection date, location and identification in the

sampling log book and chain of custody forms.



2.03 Sample Control

2.03.01 Sample Containers and Preservation

Sample containers, sample preservation and filling instructions

may be different for each type of analysis that is to be performed.

Care must be taken to utilize the correct sample container(s) and

preservative(s) to ensure the Integrity of the samples. Table 2

provides a listing of the sample preservatives and the sample

containers to be utilized. Sample containers will be supplied by

the contract laboratory. The collected samples will be kept out of

direct sunlight and, after ^^contamination and labeling, will be

placed in coolers for shipment to the contract laboratory.

2.03.02 Sample Shipment and Chain of Custody

Samples will be packed and labelled according to DOT regu-

lations and protocols. Samples will be shipped via a 24 hour

delivery service to the contract laboratory so that the samples can

be extracted within allowable time limits.

Chain of custody procedures must be followed closely to

ensure that an accurate record of the collection, transport, analy-

sis and disposal of the sample(s) is documented. The chain of

custody procedures include field custody, laboratory custody and

evidence files and conform with the procedures outlined in NEIC

Policies and Procedures (EPA-3309-78-001-R).

Samples are accompanied by a field chain of custody record

(Figure 1). When transferring the possession of samples, the

individuals relinquishing and receiving will sign, date and note the

time on the record. This procedure documents sample custody

transfer. Samples will be packaged with a separate custody record

6 .



accompanying each shipment. All shipments wit! be accompanied by

the field chain of custody record identifying its contents. The

original record will accompany the shipment and a copy of the

original record will be retained by the Project Coordinator.

Whenever samples are split with a source or government

agency. It is noted in the "Remarks" section of the custody re-

cord. The note indicates with whom the samples are being split

and is signed by both the sampler and recipient. If either party

refuses a split sample, this will be noted and signed by both

parties. The person relinquishing the samples to the facility or

agency should request the signature of a representative of the

appropriate party, acknowledging receipt of the samples. If a

representative is unavailable or refuses to sign, this is noted in

the "Remarks" space. When appropriate, as in the case where the

representative is unavailable, the custody record shou'd contain a

statement that the samples were delivered to the designated lo-

cation at the designated time.

If the samples are sent by mail, the package will be regis-

tered with return receipt requested. If sent by common carrier, a

Government Bill of Lading will be used. Air freight shipments are

sent collect. Freight bills. Post Office receipts and Bill of Lading

will be retained as part of the permanent documentation.

All documents and raw data from the individual laboratories

performing specific analysis will be transferred at the end of the

monitoring period to the Refuge Manager for the Fish and Wildlife;

Service, CONWR for safekeeping for a period of ten years.



SECTION 3 - ANALYTICAL PROTOCOLS, QUALITY ASSURANCE AND

CONTROLS

A brief discussion of analytical protocols, quality assurance and

control procedures follows.

3.01 Calibration Procedures

3.01.01 Equipment

Generally, all field equipment will be calibrated in accordance

with the manufacturer's instructions. Any field equipment that is

not covered by the investigator's standard operating procedure

will have a specific calibration and operation instruction sheet

prepared for it.

3.01.02 Standards

Standards may be generally grouped into two classifications:

primary and secondary. Primary standards include USP drugs.

NBS and ASTM materials, and certain designated EPA reference

material. All other standards are to be considered secondary. No

testing of primary standards is necessary. Secondary standards

will be examined when first received, and less stable standards

will be rechecked at appropriate intervals, usually six month;; to

one year.

3.01.03 Records

A records book will be kept for each standard. Each record

will include name and date received, source, code or lot number.



purity, testing data, special storage requirements and storage

location. Records will be kept on each instrument requiring

calibration, to record ail activities associated with maintenance, QA

monitoring and repairs program.

3.02 Analytical Procedures

The analyses and methods detection limits for analytical parameters

are given in Table 3. When analyzing samples by the listed stan-

dardized methods, the accuracy or precision of the data generated by

the laboratory is determined through analyses of replicates, spiked

samples, synthetic reference standard samples, and field and laboratory

blanks along with each set of samples. Any interference is identified

and documented. The required QA/QC samples to be collected are

specified in Section 2. ,

3.03 Internal Quality Control

3.03.01 Analytical Procedures and Laboratory Quality Control

The quality control objectives for the monitoring analytical

program are listed in Table 4. The frequency of replicate sam-

ples, spiked samples, reference samples and blanks, as well as

control limits for acceptability are identified in this table.

Quality control data, which includes the analysis of EPA

standard reference materials to verify initial calibration of non-CLP

analysis, and reports of blanks, duplicates and spiked samples will

be included with each package. The laboratory selected to per-

form the analytical procedures for this monitoring program will be

certified by the appropriate State and Federal Agencies. The



laboratory should participate and meet acceptance criteria estab-

lished by the Illinois inter-laboratory QA/QC programs for analyses

of split samples and spiked standards.

3.03.02 Field Control and Preventive Maintenance

Field sampling crews will be under the direct supervision of a

crew chief. Records will be used to document the collection of

each sample.

Preventive maintenance procedures will be carried out on all

field equipment in accordance with manufacturer's equipment manu-

als. Any field equipment that is not covered by the standard

operating procedures will have a specific maintenance instruction

sheet prepared for it.

3.01 Data Assessment and Validation

Data assessment will be based upon instrument tuning criteria,

duplicate samples, surrogate recoveries, matrix spikes and matrix spike

duplicates. Any data that should be rated as "unacceptable" or "pre-

liminary" will be identified. Corrective actions will be identified if

required.

Corrective action procedures are developed on a case- by-case

basis. These actions may include:

Reanalyzing samples if holding time requirements have not

been exceeded.

Altering field or handling procedures.

Resampling.

Using a different batch of sample containers.
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Recommending an audit of laboratory procedures.

Accepting data with acknowledged level of uncertainty.

Discard data.

3.05 Data Reporting

Each quarterly analytical data submission will contain QA/QC

sections that summarize data quality information. The reports wilt

include:

1. Discussion of accuracy, precision, completeness of data and

results of performance and system audit specified in Table 4.

2. Discussion of results of data assessment.

3. Data results.

U. Chain of custody forms.
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SECTION * - SITE SPECIFIC MONITORING PROGRAMS

4.01 Site 10 and Site 11 ; Waterworks Drainage Channels

4.01.01 Site Descriptions

Sites 10 and 11 receive various drainage channels leading

from active industrial operations within the Olin D and P Areas

prior to their discharge to Crab Orchard Lake. These channels

discharge near the Refuge Waterworks.

4.01.02 Baseline Parameters

Figure 2 depicts the surface water monitoring locations for

Sites 10 and 11. The parameters selected for surface water moni-

toring at the sites include cyanide, iron, magnesium, manganese,

mercury and phthalate esters. The results of the Rl sampling at

Sites 10 and 11 for the previously mentioned parameters are con-

tained in Table 5 and will serve as baseline concentrations for the

monitoring program at the sites.

4.01.03 Monitoring

Locations 10-1 and 10-3 at Site 10 and locations 11-1 and 11-3

at Site 11 will be the surface water monitoring locations for the

two sites (Figure 2). Future monitoring at Sites 10 and 11 requires

that composite surface water samples be collected quarterly from

each location at each site. In addition, a full volatile and

semi-volatile scan will be run annually on composite surface water

samples collected from the four monitored locations at Sites 10 and

11. The samples should be collected and analyzed for the

12 .



parameters listed in Section 4.01.2 and in accordance with the

procedures outlined in Sections 2 and 3.

*«if

4.02 Site 14 ; Area 14 Solvent Storage Ditch

4.02.01 Site Description

Site 14 Is a drainage ditch adjacent to the active manufactur-

ing operations of Dlagraph-Bradley. The ditch receives run-off

from a manufacturing area where solvents are handled in bulk or

in drums. The ditch runs north, parallel to the road that is west,

of the plant, and ultimately discharges to Crab Orchard Lake.

4.02.02 Baseline Parameters

Figure 3 and 4 depicts the surface water monitoring locations

for Site 14. The parameters selected for surface water monitoring

at the site include acetone, chloromethane, methylene chloride and
iii""mi"1

phthalate esters. The results of the Rl sampling at Site iu for

the previously mentioned parameters are contained in Table 6 and

will serve as baseline concentrations for the monitoring program at

the site.

4.02.03 Monitoring

Locations 14-1 and 14-4 at the Solvent Storage Area will be

the surface water monitoring locations for Site 14 (Figure 3 and

4). Future monitoring at Site 14 requires that grab surface water-

samples be collected quarterly from each monitoring location at the

site. The samples should be collected and analyzed for the
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parameters listed in Section 4.02.02 and in accordance with the

procedures outlined in Sections 2 and 3.

4.03 Site 16 : Area 7 Industrial Site

4.03.01 Site Description

Site 16 consists of a ditch within the Area 7 Industrial Site.

The Area 7 Industrial Site is comprised of 33 buildings over an

area of 55 acres which have been used for a variety of industrial

purposes during the last forty years. Three of the buildings are

used by Pennzoil in waste oil recovery and recycling operations

and two other buildings are used by a refurbisher of mining

equipment. The other buildings at the site are used for storage

purposes or are abandoned. The Site 16 drainage ditch runs from

south to north through the buildings and discharges to Crab

Orchard Lake.

1.03.02 Baseline Parameters

Figure 5 depicts the surface water monitoring locations for

Site 16. The parameters selected for monitoring at the site include

chloromethane, carbon tetrachloride, aldrin, dieldrin and

polynuclear aromatic hydrocarbons (PAH) in water. The results of

the Rl sampling at Site 16 for the previously mentioned parameters

are contained in Table 7 and will serve as baseline concentrations

for the monitoring program at the site.



4.03.03 Monitoring

Location 16-18 at the Area 7 Industrial Site will be the sur-

face water monitoring location for the site (Figure 5). Future

monitoring at Site 16 requires that composite surface water samples

be collected quarterly from the single monitoring location at the

site. This sample should be collected and analyzed for the param-

eters listed in Section 4.03.2 and In accordance with the proce-

dures outlined in Sections 2 and 3.

Sites 25, 26, 27: Crab Orchard Creek

ft.04.01 Site Descriptions

Site 25 consists of the Crab Orchard Creek upstream and

downstream of the Marion Landfill as well as the adjacent pond.

The Old Marion Landfill is located adjacent to Crab Orchard Creek

on Old Creal Springs Road. This municipal landfill has been

inactive for a number of years. A 3/1 acre pond is located next

to the landfill.

Site 26 is located on Crab Orchard Creek downstream from

the Marion Sewage Treatment Plant.

Site 27 is located on Crab Orchard Creek downstream of

Interstate Route 57.

Sites 25 and 26 are not located within the boundaries of the

Refuge and are not under the management of the U.S. FWS. Site

27 is located on the Refuge.

q.OU.02 Baseline Parameters

Figure 6 identifies the surface water monitoring locations for

Sites 25, 26 and 27. The parameters selected for surface water
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monitoring at the sites include cyanide, magnesium, manganese,

TOC and TOX In water. The results of the Rl sampling at Sites

25. 26 and 27 for the previously mentioned parameters are con-

tained in Table 8 and will serve as the baseline concentrations for

the monitoring program at the sites.

4.04.03 Monitoring

Location 25-1, downstream of the municipal landfill location

and location 27-1, below the I- 57 dredge area, will be the surface

water monitoring locations for the sites (Figure 6). Future moni-

toring at Sites 25, 26 and 27 requires that composite surface water

samples be collected quarterly from each monitoring location at

each site. The samples should be collected and analyzed for the

parameters listed in Section 1.04.2 and in accordance with the

procedures outlined in Sections 2 and 3.

a.05 Site 34: Crab Orchard Lake

4.05.01 Site Description

Site 34 is comprised of Crab Orchard Lake. This lake was

formed in 1940 by construction of a spillway across Crab Orchard

Creek. The lake has a surface area of 6,965 acres, an average

depth of 8-9 feet on the western portion and an average depth of

two feet on the eastern portion. The retention time is 0.8 years,,

with a storage capacity of 72,525 acre-feet.

Water enters the lake through several creeks, including the

Crab Orchard Creek at the eastern end of the lake. The eastern

section of the lake has been bordered by manufacturing operations
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sine* the 1940s. Water exits the lake through the spillway at the

western end and through use of 280,000 gpd of lake water by the

Refuge.

4.05.02 Baseline Parameters

Figure 7 identifies the surface water monitoring locations for

Site 34. The parameters selected for monitoring at the site include

arsenic and PCBs. The results of the Rl sampling at Site 34 for

the previously mentioned parameters are contained in Table 9 and

will serve as the baseline concentrations for the monitoring pro-

gram at the site.

4.05.03 Monitoring

Locations 34-6, 34-12, 34-14 and 34-15 will be the surface

water monitoring locations for the site (Figure 7). Future monitor-

ing at Site 34 require that composite water columns be collected

quarterly from each location at the lake at three depths: the;

surface, mid-depth and approximately six inches from the bottom..

The sample should be collected and analyzed for the parameters

listed in Section 4.04.2 and in accordance with the procedures

detailed in Sections 2 and 3.
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TABLE 1

HONITORIHC PIAH
STUDY SITES

SITES 10 and 11 : WATERWORKS DRAINAGE CHANNELS

SITE 14 : AREA 14 SOLVENT STORAGE DITCH

SITE 16 : AREA 7 INDUSTRIAL SITE DITCH

SITES 25, 26 AND 27 : CRAB ORCHARD CREEK

SITE 34 : CRAB ORCHARD LAKE



TABLE 2

SAMPLE PRESERVATION AND CONTAINERS

PARAMETER HATER

Volatile* 40 ml vial (2)/4 deg.C

Base/Neutrals/Acids 1 liter glass

Pesticide/PCB 1 quart glass (teflon)

PCBs Low Level (water) 1 quart glass (teflon)

Metals 1 pint plastic/HNO3

Cyanide 1 pint plastic/NaOH

Indicators - pH 1 pint plastic



'»„ '

TABLE 3 ATTACHMENT

PROCEDURES FOR LOW-LEVEL
PCBs IN WATER



LABORATORIES, MC

5.0 EXTRACTION PROCEDURE FOR LOW LEVEL PCBs IN WATER

5.1 'Determine pH of samp It and adjust to a range of
• 5-9 with .1:1 sulfurlc acid solution or 1n sodium

hydroxide. Transfer the entire contents of sample
bottle Into a 2 liter separatory funnel.

5.2 Add 1ml of SOppt DBC or equivalent (compound which
will not be removed by cleanup options) surrogate solu-
tion to the sample.

5.3 To every batch of samples for low level analysis,
add a blank* a matrix spike (MS) and a matrix spike
duplicate (MSD). The blank Is 2000ml of organic-free
water and 1t 1s treated In the same manner as the
samples. The MS and MSD samples are spiked In dupli-
cate. Ideally, a sample 1s collected In triplicate 1n
the field 1n 3 separate containers. The first sample
is the sample itself. The second and third samples are
spiked'with the following compound In acetone:

UHY
PROCEDURE

Aroclor 1254 Sppt

5.4 Add 50ml of 152 methylene chloride in hexane to
the sample jar, seal and shake. Transfer bottle
extract to separatory funnel and extract the sample by
shaking vigorously for 2 minutes with periodic venting
to release pressure.

5.5 Drain water sample back into sample jar. Drain
the hexane extract through a sodium sulfate funnel into
a Kuderna-Da~nish evaporator. Return water sample back
to separatory funnel and repeat extraction 2 more times
combining all extracts into the Kudema-Danish evapora-
tor.

5.6 If emulsion problems occur during extraction, col-
lect all 3 extracts in a 200ml centrifuge bottle with-
out sodium sulfate drying. Centrifuge the contents of
the bottle until 2 distinct layers are formed. Trans-
fer the top layer (the hexane extract) through sodium
sulfate into the Kuderna-Danish evaporator.

5.7 Concentrate extract to 0.2ml.

5.8 If cleanup 1s necessary, refer to Section 7.0

5.9 Concentrate final extract after cleanup to 0.2ml
and analyze by GC/ECD.

Note: See Tables 4 a
5 for detection level
ar.d QA/QC requirement



LOU LEVEL PCBs

EXTRACTION PROCEDURE

FOR HATER MATRICES

August 1986

Pour Into Sep. Funnel
and Adjust pH

Add 50ml of 151 DCM
1n Hexane to Sample Jar

Transfer to Water
Sample in Sep. Funnel

. , Shake 2 Minutes
(VENT:)

I
Drain Water in Sample Jar

Drain Solvent into K-D

I
Repeat 2 More Times

Concentrate Extract to
0.2ml on Steam Bath



TAIL! 4

QUALITY ASSURANCE REQUIREMENTS

AUDIT

ORGANIC*

FREQUENCY CONTROL LIMITS

Reagent ilank

Field Hank

Matrix Spike

1 ptr case or 10X of sample
shipment.

SX of sample shipment provided
by saapUng craw.

10X of similar concentration/
•atrix.

Matrix Spike Delicate 10X of siailar concentration/
•atrix.

Less than CHOI.

Less than CRQL.

As specified by 40 CFR 136.

Recoveries ae specified in
•athod.

INORGANICS

AUDIT FREQUENCY CONTROL LIMITS

Reagent Hank

Field flank

Field Delicate

Matrix Spike

T per case or 10X of sample
shipment.

Less than CRQL.

5X of saiiple shipment provided Less than CRQL.
by sampling crew.

10X of sample shipment provided RPO within 20X.
by sampling crew.

101 of similar concentration/ Recoveries as specified in
itrix. •ethod.

CRQL » Contract Required Ouantitation Limit



TabUS
Page 1 of 3

ANALYTICAL MiTHOOS

VOLATILE*

CONTRACT REQUIRED

OUANTITATION OA/QC

PARAMETER METHOD (1) UWT CONTROLS

<*pb>

acetone 602 5 See Table 4
orbon tttr»chloridt 601 10 •
cMoroMthvw Ml 10 "
Mthylcn* chloridt 601 10 •

(1) Cod* of Federal Rtgulfttior*, TuU 40, Section 136, Appendix A, "Test Procedure

l>Mi,, for Analysis of Organic Pollutants.11



**•• 1 of 5

ANALYTICAL ICTNODS
KMI-VOUTILES

PARAMETER ICTNOO (1)

CONTRACT REQUIRED

QUANTITAT10N

LIMIT

Cppb)

QA/OC

CONTROLS

acanaphthene
•cenephthylene
anthracene
benzol • )anthr acene
benzo(b)f luorenthene
benzo< k > f I uorinthen*
b«nzo(a)pyr«rw

bU (2-«thylhtxyl) phthalatt
butyl benzyl phthalatc
chryMnt
dib«nzo(a,h)anthracirw

dfMthyl phthaUt*
di-n-butyl phthalat*
di-ft-oetylphthalata
fluoran*
f luorantHww
(ndano<t<2r3-cd)p/r«n«
naphthalanc
phananthrana

610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610
610

5
5
S
S
5
5
5
5
5
S
S
5
5
5
5
5
S
S
5
5
5
5

S«« Table

(1) Cad* of Federal legulatfona, Tftle 40, Section 136, Appendix A, "Teat Procedure
for Analysis of Organic Pollutants."



Table 3
Pete 3 of 5

ANALYTICAL METHODS

PEST1CIDES/PCBS

CONTRACT REWIRED

OUANTITATION OA/OC
PARAMETER METHOD (1) LIMIT CONTROLS

<ppb>

aldrfn 608 50 See Table l>
diedrfn 608 50 •
•rochler-1016 • . 0.005 •
•rocMor-1Z21 • 0.005 •
•rochlor-1232 • 0.005 •
•rocMor-1242 • 0.005 •
•rochlor-124« • 0.005 •
•rochlor-1254 * 0.005 •
•rochlor-1260 • 0.005 "

(1) Cod* of Federtl Regulations, Title 40, Section 136, Appendix A, "Test Procedure
for Anelytii of Organic Pollutants."

See AttachaMnt 1



TaMt 3
Pa«t 4 of 5

ANAlYTICAl METHODS
METALS AND CYANIDE

CONTRACT REQUIRED
QUANTITAT10N QA/OC

PAXAMETER METHOD (2) LIMIT CONTROLS

arsenic -T 206.2 10 SM Table 4
iron -T 236.1 10 •
a*gne*iua -T 242.1 10 •
MnganM* -T 243.1 10 •
Mrcury -T 245.1 0.5 •
cyanfdt 535.2 50 •

(2) Methods for Chemical Analysis of Water and Uastes, EPA-600/4-7V-020



TabU 3
3 of 5

ANALYTICAL METHODS
INDICATORS

CONTRACT REQUIRED
OUANTITATION QA/OC

PARAMETER METHOD LIMIT CONTROLS

total organic carbon 415.1 (2) 1000 Sa« Tabla 4
total organic halfda* 450.1 (3) 10 SM Tablt 4

(2) Mathodt for Chwiical Analysis of Uattr and Uastts, EPA-600/4-79-020

(3) EPA Method Study 32, EPA/600/54-55/080 (NTIS: PB86136538/AS)



TAKE 3

SITC IASC11M CONCEMTUTIQH8

SITE 10 AMD SITE 11

WATERWORKS ORAIMAGE CHANNELS

Sas*lin* Conc«nt rat font In Surface Waters

Sit* 10 Sit* 11
PARAMETER UNITS 10-1 10-3 11-1 11-3

Cyanide ug/l <0.05 <0.05 O.05 <0.05
Iron (total) ug/l 600 - <300
M*gn*siuB (total) BQ/I 9.85 • 10.6
ManearttM (total) «8/l 0.27 - 0.095
N*rcury ug/l <O.S • <0.5 <0.«
•ia (Ethylhtxyl) Phthalatt ug/l <20 OR
iutyl Benzyl Phthalat* ug/l - <20 DR
DI-H-iutyl Phthalatt ug/l <20 OR
Of-K-Octyl Phthalata ug/l <20 OR
0 lathy I Phthalat* ug/l <20 OR
DiMthyl Phthalat* ug/l • <20 DR
Acid Extractabl* Scr**n ug/l <100 - <100

Neutral Scr**n ug/l <100 - <100

KEY:
(-) • Analysis Not tun.
D • Holding t<a» *«,**d*d for wtr*ction.
R • MS/MSO X recovery outafd* of K livits.



TABU 6

SITE BASELINE CONCENTRATIONS
81 Tl U

AREA 7 SOLVENT STORA6E DITCH

MM I In* Concent rat ion* In Surf act Uatara

Location*

PARAMETER UNITS U-1 U-3 U-5 H-5

Ha thy I ana CMorida ug/l <1 <1 I SI 15 SI
Aeatom ug/t • • 43 SI 36 SI
ChloroMthana . ug/l <1 <1 <4 I <4 I
Bit (Ethy(htxyt) Phthaleta ug/l • - <*9
Butyl Mnzyl Phthalata ug/l - - <*9
Oi-N-Butyl Phthaleta ug/l - - <*9
Di-N-Octyl Phthalata ug/l - - <*9
Oftthyl Phthatata ug/l - - <49
Olwthyl Phthalata ug/l - - <49
Acid Extractabla Screen ug/l <100 <100
Ba«a Nautral Scraan ua/l <100 <100

<20
<20
<20
<20
<20
<20

OY:
(-) • AnalysU Not Run.
S • IndicatM that tha analyta waa found In tha blank; tha laval found

in tha aaapla waa laaa than 10 tinaa tht laval found in tha blank or
or, additionally in tha caaa of VOAa tha laval found in tha taapla
waa laas than 60 ppb of avthylana chlorida or acttoot, which wart
found In tha blank.

I • NS/NSO RPO outaida OC li*it>.
R • NS/MSO X racovary outaida of OC Haiti.



TAilf 8

SITE IASELIHC CONCENTRATIONS
SITES 25, 26 and 27
CXA1 ORCHARD CREEK

•aa«llna Concentration* In Surface Uatera

WJUMETER

25-3 25-5
Upatrta* of Pond
Marlon Adjacant to
Landfill Marion

UNITS Landfill

Locations
25-1 26-3 26-1

Dounatrtaa) Upatrea* of Oounat
of Marion Marion of Marion
Landfill STP STP

27-1
••low 1-57
Dredge Araa

Cyanida
Kngnealua (total)
Munganata (total)
TI3C

BET:
(•) • Analyti* not run.
C » Usabl* for qualitativa inttrpratation only.

•o/i
•8/1

•o/i
•0/1
•8/1

<0.05 C
U.3

0.68
11.0
0.018

-

5.6

0.72
18.0

0.011

<O.OS C
47.2

1.5

7.0

0.012

<0.05 C
18.2

0.745

0.6

0.049

<0.05 C
26.5
0.30
5.0

0.120

<0.05 C
12.4
0.64

8.0

0.043



TAKE 7

SITE 1ASELINE CONCKMTKATIOMS

SITE 16

AREA 7 INMJSTIIAL SITE

laMline Concent rat tona In Surf act Water*

Location*
PARAMETER UNITS 16-1 16-3 16*18

ChloroMthana UaVl <1 <1 <4 A
Carbon Tatrachlorida ug/l <1 <1 <* A
Aldrln ug/l <10 <10 0.17 UN
Dialdrin ug/l <10 <IO 0.54 R1N

Acenaphthylan* ug/l • - <38 DI
Acenaphthene ug/l - - <38 01
Anthracene ug/l • - <38 0!
Sanzo(a)anthraccnt ug/l • - <38 DI
S«nzo(a>pyrana ugyl - • <M DI
•«nzo(b)ftuoranthan* ug/l - - <38 01

Sanzo(gtii)parylana ug/l • - <S8 01
Baruto(k)f(uoranthan* ug/l - - <38 01

'«*„„'' Chrymana ug/l - - <M 01
Dibanzo(a,h)anthracana ug/l - • <38 D!

Fluoranthana ugVl • • <38 01
Fluorana ug/l - • <38 01

lndeno<t,2,3-cd)pyraM ug/l - - <38 01
Haphthalana ug/l • • <38 DI
Pharianthrarw ug/l • • <38 DI
Pyran* ug/l - - <3fi DI
Acid Extractablt Scra«n ug/l <100 <100

Nautral Scracn ug/l <100 <100

Kay:
(-) • Analyst! Not Run.
A • Holding tii* axctcdad for analysii.
D • Holding tint axcMdtd for attraction.

I • NS/MB m> owrsida OC limits.
N • X breakdown lavcl of DDT/Endrfn exceeded in previous

&«1 Mia t-Peat/PCS
R • NS/MSD X recovery out«i« of OC limit*.



TA8U 9

SITE IASCL1NE CONCCHTKATIONS
SITE 54

CMS ORCHARD LAKE

•asallnt Concentration* In Uattr Col

Locations

PARAMETER UNITS 3* -6 34-7 54-8 34-9 34-10 34-11 34-12 34-13 34-14 34-15
KB) 2(C) 3(«) 4(N) 5<*) 4X0) 7(1) 8<F) 9(1) 10(J)

Ar«anic (total) ue/l 3.4 N 2.7 3.2 N <2.5 M <2.S M <2.5 M 2.00 2.00 <2.5 N <2.00
0.008 0.019 O.005 <O.OOS <0.005 0.009 <0.005 O.005 <0.005 <O.OOS

0-Y:
(•) • Anslysli not nn.
M • Valuts dttarvincd by • ont point ttandard addition.



LEAD

Summary

Lead is a heavy metal that exists In one of three oxidation
states, 0, +2, and +4. There is suggestive evidence that some
lead salts are carcinogenic inducing kidney tunors in mice
and rats. Lead is also a reproductive hazard, and it can adversely
affect the brain and central nervous sytem by causing encephalo-
pathy and peripheral neuropathy. Chronic exposure to low levels
of lead can cause subtle learning disabilities in children.
Exposure to lead can also cause kidney damage and anemia/ and
it may have adverse effects on the immune system. The EPA
Ambient Water Qualify Criterion for the protection of hunan
health and the Interim Primary Drinking Hater Standard are
both 50 pg/liter.

CAS Number: 7439-92-1

Chemical Formula: Pb

IUPAC Name: Lead

Chemical and Physical Properties

Atomic Weight: 207.19

Boiling Point: 1,740»C

Melting Point: 327.502*C

Specific Gravity: 11.35 at 20*C

Solubility in Water: Insoluble; some organic compounds are
soluble

Solubil i ty in Ocganics : Soluble in HNCK and hot concentrated
• V M A «»

Transport and Fate

Some industrially produced lead compounds are readily
soluble in water. However, metallic lead and the common lead
minerals are insoluble in water. Natural compounds of lead
are not usually mobile in normal surface oc groundxater because
the lead leached from ores becomes adsorbed by ferric hydroxide
or combines with carbonate oc sulfate ions to form insoluble
compounds.

Lead
Page 1
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Movement of lead and its inorganic and ocganolead compounds
as participates in the atmosphere is a major environmental
transport process. Lead carried in the atmosphere can be removed
by either wet or dry deposition. Although little evidence
is available concerning the photolysis of lead compounds in
natural waters* photolysis in the atmosphere occurs readily.
These atmospheric processes are important in determining the
font of lead entering aquatic and terrestrial systems. \

The transport of lead in the aquatic environment is influ-
ence* by the speciation of the ion. Lead exists mainly as the
divalent cation in most unpolluted waters and becomes adsorbed
into particulate phases. * However, in polluted waters organic
complexation is most important. Volatilization of lead compounds
pcobably is not important in most aquatic environments..

Sorption processes appear to ex.ert a dominant effect on
the distribution of lead in the environment. Adsorption to
inorganic solids/ organic materials, and hydrous iron and mang-
anese oxides usually controls the nobility of lead and results
in a strong partitioning of lead to the bed sediments in aquatic
systems. The sorption mechanism most important in a particular
system varies with geological setting/ pB, Zh/ availability
of ligands/ dissolved and particulate ion concentrations, salinity,
and chemical composition. The equilibrium solubility of lead
with carbonate, sulfate, and sulfide is low. Over most of
the normal pH range, PbCO-, and PbSO. control solubility of
lead in aerobic conditions, and PbS Ind Pb control solubility
in anaerobic conditions. Lead is s'trongly complexed to organic
materials present in aquatic systems and soil. Lead in soil
is*not easily taken up by plants, and therefore its availability
to terrestrial organisms is somewhat limited.

Bioaccunulation of lead has been demonstrated for a variety
of organisms, and bioconcentration factors are within the range
of 100-1,000. Microcosm studies indicate that lead is not
bl,©magnified through the food chain. Biomethylation of lead
by microorganisms can remobilize lead to the environment.
The ultimate sink of lead is probably the deep oceans.

Health Effects

There is evidence that several lead salts are carcinogenic
in mice or rats, causing tumors of the kidneys, as a result
oil either oral or parenteral administration. Data concerning
the carcinogenicity of lead in humans are inconclusive. Avail-
able data are not sufficient to evaluate the carcinogenicity
of organic lea<5 compounds or metallic lead. There is equivocal
evidence that exposure to lead causes genotoxicity in buaans
and animals. Available evidence indicates that lead presents
a hazard to reproduction and exerts a toxic effect on conception,
pregnancy/ and the fetus in humans and experimental animals.

Lead
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Many lead compounds are sufficiently soluble in body fluids
to be toxic. Exposure of humans or experimental animals to
lead can result in toxic effects La the brain and central nervous
system, the peripheral nervous system, the kidneys, and the
hematopoietic system. Chronic exposure to inorganic lead by
ingestion or inhalation can cause lead encephalopathy, and
sevtre cases can result in permanent brain damage. Lead poisoning
may cause peripheral neuropathy in adults and children, and
clinically undetectable permanent-learning disabilities in
chil- dren may be caused by exposure to relatively low levels.
Short-term exposure to lead can cause reversible kidney damage,
but prolonged exposure at high concentrations may result in
pro- gressive kidney damage and possibly kidney failure. Anemia,
due to inhibition of hemoblobin synthesis and a reduction in
the life- span of circulating red blood cells/ is an early
manifestation of lead poisoning. Several studies with experi-
mental animals sugg'est that lead may interfere with various
aspects of the immune response.

•

Toxiclty to Wildlife and Domestic Animals*

Freshwater vertebrates and invertebrates are more sensitive
to lead in soft water than in hard water. At a hardness of
about 50 mg/liter CaCO,, the median effect concentrations for
nine families range from 140 ug/liter to 236,600 ug/liter.
Chronic values for Daphnia magna and the rainbow trout are
12. 26 pg/liter and 83.08 ug/liter, respectively, at a hardness
of about 50 mg/liter. Acute-chronic ratios calculated for
three freshwater species ranged from 18 to 62. Bioconcentration
factors, ranging from 42 for young brook trout to 1,700 for
a snail, were reported. Freshwater algae show an inhibition
of growth at concentrations above 500 ug/liter.

.Acute values for twelve saltwater species range from 476
liter for the common mussel to 27,000 ug/liter for the soft-
shell clam. Chronic exposure to lead causes adverse effects
in mysid shrimp at 37 Mg/liter, but not at 17 ug/liter. The
acute-chronic ratio for this species is 118. Reported bioconcen-
tration factors range from 17.5 for the Quahog clam to 2,570 for
the blue mussel. Saltwater algae are adversely affected at
approximate lead concentrations as low as 15.8

Although lead is known to occur in the tissue of many
free-living wild animals, including birds, mammals, fishes,
and invertebrates, reports of poisoning usually involve waterfowl
There is evidence that lead, at concentrations occasionally
found near roadsides and smelters, can eliminate or reduce
populations of bacteria and fungi on leaf surfaces and in soil.
Many of these microorganism play key roles in the decomposer
food chain.
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Cases of lead poisoning have been reported for a variety
of domestic animals, including cattle, horses, dogs, and cats.
Several types of anthropogenic sources are cited as the source
of lead in these reports. Because of their curiosity and their
indiscriminate eating habits, cattle experience the greatest
incidence of lead toxicity among domestic animals.

Regulations and Standards

Ambient Water Quality Criteria (USEPA):

Aquatic Life (Proposed Criteria)

The concentrations below are for active lead, which is
defined at the lead that passes through a 0.45-um membrane
filter after the sample is acidified to pH 4 with nitric
acid.

Freshwater

Acute toxicity: €U.34 tln(hardness)] - 2.014) ug/liter

Chronic toxicity: eU-34 [In(hardness)] - 5.245) ug/lltftr

Saltwater

Acute toxicity: 220 ug/liter
Chronic toxicity: 8.6 ug/liter

Human Health

Criterion: 50 yg/liter

Primary Drinking Water S.tandard: 50 ug/liter

NIOSH Recommended Standard: 0.10 mg/m TWA (inorganic lead)

OSHA Standard: 50 Mg/m3 TWA

ACGIH Threshold Limit Values:

0.15 mg/m3 TWA (inorganic dusts and fumes)
0.45 mg/m3 STEL (inorganic dusts and fumes)

REFERENCES

AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGISNIST5 (ACGIH).
1980. Documentation of the Threshold Limit Values. 4th ed.
Cincinnati, Ohio. 483 pages
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Summary

Copper is among the more mobile metals in the environment.
It is toxic to humans at high levels; it causes irritation
following acute exposure and anemia following chronic exposure.
Sheep arc very susceptible to copper toxicosis as are many
aquatic organisms. The EPA Ambient Water Quality Criterion
for copper Is 1 mg/liter based solely on its organoleptic properti
• ^

Background Information
•

Copper exists in a valence state of +1 or +2. It is a
lustrous/ reddish metal. The physical properties of copper
include ductility and conductivity of heat and electricity,
Copper is found in nature as sulfide, oxide/ or carbonate ore.

CAS Numberi 7440-50-8

Chemical Formula: Cu

IUPAC Name: Copper

•

Chemical and Physical Properties

Atomic Weight: 63.546
/

Boiling Point: 2567»C

Melting Point: 1083«C
•

Specific Gravity: 8.92

Solubility in Water: Host copper salts are insoluble with
the exception of CuSO., Cu(N03)2/
Cud- (the more common copper salts).
The ffletal is insoluble in water.

Vapor Pressure: 1 nun Hg at 1628*C

Transport and Fate

Copper has two oxidation states, +1 (cuprous) and +2 (cupric
Cuprous copper is unstable in aerated water over the pH range
of most natural waters (6 to 8) and oxidizes to the cupric
state. Several processes determine the fate of copper in the
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humic substances) sorption to hydrous metal oxiaes, cj.ay», ana
organic materials; and bI©accumulation. In waters polluted with
soluble organic material, complexation with organic ligands can
occur, thus favoring the prolonged dispersion of copper in solu-
tion. The presence of organic acids also can lead to the mobili-
zation of copper fro* the sediments to solution. Copper has a
strong affinity for hydrous iron and manganese, oxides* clays,
carbonate minerals, and organic matter. Sorption to these mate-
riuls, both suspended in the water column and'in the sediment,
results in relative enrichment of-the solid phase and reduction
in <Ussolved levels. Sorption processes are quite efficient in
scavenging dissolved copper and io controlling its mobility
in natural unpolluted streams. The amounts of the various
copper compounds and complexes that actually exist in solution
depend on the pH, temperature, alkalinity, and concentrations
of other chemical species...The levels of copper able to remain
in solution are directly dependent on water chemistry. Gener-
ally, ionic copper is more soluble in low pH waters and less
soluble in high pH waters.

•

As an essential nutrient, copper is accumulated by plants
and animals, although apparently it is not generally biomagni-
fied. since copper is strongly bioaccumulated, and because
bitfgenic ligands play an important role in complexing copper,
biological activity is a major factor in determining the distri-
bution and occurrence of copper in the ecosystem. For example,
bioaccumulation patterns may exhibit seasonal variations related
to biological activity.

',
Because many copper compounds and complexes are readily

soluble, copper is among the more mobile heavy metals in soil
and other surface environments. The major process that limits
the environmental mobility of copper is adsorption to organic
natter, clays, and other materials. Atmospheric transport
of copper compounds can also occur.

Health Effects

Copper appears to increase the rautagenic activity of triose
reductone and ascorbic acid in bacterial test systems. However,
copper itself does not appear to have mutagenic effects in
animals or humans. Copper does not appear to produce teratogenic
or carcinogenic effects in animals or humans. Dietary levels
of trace elements such as molybdenum, sulphur, zinc, and iron
can affect the level of copper that produces certain deficiency
or toxicity symptoms. In general, more attention is given
to the problems associated with copper deficiency than to prob-
lems of excess copper in the environment. However, high levels
of copper can b« toxic to humans.
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Metallic copper dust exposure can cause a short-tern ill-
ness similar to metal foae fever that is characterized by chills,
fever, aching muscles, dryness of mouth and throat, and headache.
Exposure to copper fumes can produce upper respiratory tract
irritation, a metallic or sweet taste, nausea, metal fume fever,
ami sometimes discoloration of skin and hair. Individuals
exposed to dusts and mists of copper salts may exhibit conges-
tion' of nasal mucous membranes, so.me times of the pharynx, and
ociissionally ulceration with perforation of the nasal septum.

If sufficent concentrations of copper salts reach the gastro-
intestinal tract, they act as irritants and can produce salivation,
nausea, vomiting, gastritis, and diarrhea. Elimination of
ingested ionic copper by vomiting and diarrhea generally protects
the patient from more serious systemic toxic effects which
can include hemolysis, hepatic necrosis, gastrointestinal bleed-
ing, oliguria, azotemia, heraoglobinuria, hematuria, proteinuria,
hypotension, tachycardia, convulsions, and death. Chronic
exposure may result in anemia.

Copper salts act as skin irritants producing an itching
eczema. Conjunctivitis or even ulceration and turbidity of
the cornea may result from direct contact of ionic copper with
the eye.

Toxicity to Wildlife and Domestic Animals '.-

. Mean acute toxicity values for a large number of freshwater
animals range from 7.2 ug/liter for Daphnia pultcaria to 10,200
ug/liter for the bluegill. Toxicity tends to decrease as hard-
ness, alkalinity, and total organic carbon increase. Chronic
values for a variety of freshwater species range from 3.9 ug/liter
for brook trout to 60.4 ug/liter for.northern pike. Hardness
does not appear to affect chronic toxicity. The acute-chronic
ratios for different species range from 3 to 156. The more
sensitive species tend to have lower ratios than the less sensi-
tive species. In addition, the ratio seems to increase with
hardness. Acute toxicity values for saltwater organisms range
from 17 ug/liter for a calanoid copepod to 600 yg/liter for
the shore crab. A chronic value of 54 ug/liter and an acute-
chronic ratio of 3.4 is reported for the mysid shrimp. Long
term exposure to 5 ug/liter is fatal to the bay scallop.

Bloconcentration factors in freshwater species range from
zero for the bluegill to 2,000 for the alga Chlorella regularis.
Among saltwater species the highest bioaccuraulation factors
are those for the bivalve molluscs. Oysters can bioaccumulate
copper up to 28,200 times without any significant mortality.

Sheep are very susceptible to copper toxicosis and poisoning
may be acute or chronic. Acute poisoning is caused by direct
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action of copper salts on the gastrointestinal .**..
in gastroenteritis, shock, And death. The toxic dose is about'
200 mg/kg and is usually obtained through an accidental overdose
of an antihelminthic. Ingestion of excess copper over a long
period of time results in absorption and accumulation of copper
by the liver. This type of chronic cumulative poisoning nay
suddenly develop into an acute hemolytic crisis. Copper intake

.of 1.5 g/day for 30 days is Known to be fatal for many breeds
of sheep. Excessive copper may be stored in the liver as a
result of excess copper ingestion, -as a consequence of impaired
liver-function, or in connection with a deficiency or excess
of other trace elements. Sheep eliminate accumulated copper
very slowly after cessation* of exposure.

Swine develop copper poisoning at levels of 250 mg/kg in
the diet unless zinc and iron levels are increased. Toxicosis
develops with hypochromic microcytic anemia, jaundice, and
marked increases in liver and serum copper levels as well as
serum aspartate amino transferase. High copper levels may be
•found in swine because of the practice of feeding high copper
diets in order to increase daily weight gain. However, swine
rapidly eliminate copper once it is removed from the diet.
Cattle are much more resistant to copper in the diet than sheep
or swine. Copper toxicity in ruminants can be counteracted
by inclusion of molybdenum and sulfate in the diet.

Regulations and Standards
/

Ambient Water Quality Criteria (USEPA):

Aquatic Life (Proposed)

Freshwater

Acute toxlcity:- e'0'905 tln(haraness)) - 1.413) vg/

Chronic toxicity: e10-905 [ln (hardness) I - 1-785) Mg/1Uei:

S.altwater

Acute toxicity: 3.2 ng/liter
Chronic toxicity: 2.0 pg/liter

Human Health

Organoleptic criterion: 1 mg/liter

National Secondary Drinking Water Standards (USEPA): 1 mg/liter

Copper
Page 4
October 1935



OS.HA Standards: 1.0 *g/»? TWA (dust and mist)
0.1 mg/m* TWA (fume)

ACGIH Threshold Limit Values: 1.0 mg/m? TWA (dusts and mists)
0.2 mg/mX TWA (fume)
2.0 mg/nr STEL (dusts and mists)
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CADMIUM

Suamary

'_ Cadmium "Is a metal that can b« present in a variety of
chemical forms in wastes or in the environment. Some forms
are insoluble in water, but cadmium is relatively mobile in
the aquatic environment. Cadmium is carcinogenic in animals
exposed by inhalation and may also be in hunans. It is uncertain
whether it is carcinogenic in animals or humans exposed via
ingestion. Cadmium is a known animal teratogen and reproductive
toxin. It has chronic effects on the kidney, and background
.levels of human exposure are thought to provide only a relatively
small margin of safety for these effects. The EPA Ambient
Water Quality Criterion for protection of human health is 10
liter.

Background Information
% - • •

Cadmium is a soft, bluish white metal that is obtained as
a by-product from the treatment of the ores of copper, lead,
and iron. Cadmium has a valence of +2 and has properties similar
to those of zinc. Cadmium forms both organic and Inorganic
compounds. Cadmium sulfate is the most common salt.

CAS Number: 7440-43-9

Chemical Formula: Cd

I UP AC Name: Cadmium

Chemical and Physical Properties

Atomic Weight: 112.41

Boiling Point: 765»C

Melting Point: 321»C

Specific Gravity: 8.642

Solubility in Water: Salts are water soluble; metal is insoluble

Solubility in Organics: Variable, based on compound
*

Vapor Pressure: 1 mm Hg at 394 *C
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Transport and Fate

Cadmium is relatively mobile in the aquatic environment com-
pared to other heavy metals. It is removed from aqueous .media
by complexing with organic materials and subsequently being
adsorbed to the sediment. It appears that cadmium moves slowly

. through soil, but only limited information on soil transport
is available. "Cadmium uptake by plants is not a significant

. mechanism for depletion of soil accumulations but may be signi-
ficant for human exposure.

•'. • •

'"' Health Effects

There is suggestive evidence linking cadmium with cancer
of the prostate in humans. "In animal studies, exposure to
cadmium by inhalation caused lung tumors in rats, and exposure
by injection produced injection-site sarcomas and/or Leydig-
cell tumors. An increased .incidence of tumors has not been
seen, in animals exposed to cadmium orally, but four of the
five* available studies were inadequate by current standards.

The evidence from a large number of studies on the muta-
genicity of cadmium is equivocal, and it has been hypothesized
that cadmium is not directly mutagenic but impedes repair.
Cadmium is a known animal teratogen and reproductive toxin.
It has been shown to cause renal dysfunction in both humans
and animals. Other toxic effects attributed to cadmium-include

, immunosuppression (in animals), anemia (in humans) , pulmonary
disease (in humans) , possible effects pn the endocrine system,
defects in sensory function, and bone damage. The oral LD^g
in the rat was 225 mg/kg.

Toxtcity to Wildlife and Domestic Animals
V"

Laboratory experiments suggest that cadmium may have adverse
effects-on reproduction in fish at levels present in lightly to
moderately polluted waters.

The acute LC~Q for freshwater fish and invertebrates gener-
ally ranged from luO to 1,000 pg/liter; salroonids are much
more sensitive than other organisms. Saltwater species were in
general 10-fold more tolerant to the acute effects of cadmium.
Chronic tests have been performed and show that cadmium has
cumulative toxicity and acute-chronic ratios that range of
from 66 to 431. Eioconcentration factors were generally leas
than 1,000 but were as high as 10,000 for some freshwater fish
species.

Ho adverse effects on domestic or wild animals were reported
in the studies reviewed.
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Regulations and Standards

Ambient Watte Quality Criteria (USEPA) :

Aquatic Life (Proposed 1984)

- Freshwater
Acute toxicity: « U.30U* (hardness) ] - 3.92) M/llttc

Chronic toxicity: e (0-87 [In (hardness) 1 - 4.38) |ig/littr

Saltwater

Acute toxicity: 38 ug/liter
Chronic toxicityr 12 pg/liter

Hunan Health

Criterion: 10 ug/liter

CAG Unit Risk for inhalation "exposure (TJSEPA) : 7.8 (mg/kg/day)"1

Interim Primary Drinking Water S.tandard (DSEPA) : 10 pg/liter

NIOSB Recommended Standards: 40 ug/m -TWA
200 ug/m /15 min Ceiling Level.

OSHA Standards: 200 pg/m TWA
600 pg/a Ceiling Level

ACGIH Threshold Limit Values: 50 ug/m3 TWA
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MAGNESIUM

Summary

Exposurt to magnesium oxide fumes can cause metal fume
fever in humans. Exposure to magnesium oxide dust can irritate
thit ,eyes and respiratory tract. Ingestion of very high levels
of magnesium salts can cause central nervous sytem effects;
it can also have a laxative action.

Background Information

Magnesium is the eighth most abundant element on earth.
It is very reactive ••chemically and does not occur uncombined
in nature. Finely divided magnesium can react with water to
yield hydrogen gas and magnesium hydroxide. However, reaction
of solid magnesium with water is self-limiting because of the
formation of a film of magnesium hydroxide. As a result, ele-
mental magnesium is considered insoluble in water.

CAS Number: 7439-95-4

Chemical Formula: Mg

I UP AC Name: Magnesium /,
• •

Chemical and Physical Properties

Atomic Weight: 24.312

Boiling Point: 1107*C

Melting Point: 648. 8-C

Specific Gravity: 1.738

Solubility in Water: Insoluble; most salts are very soluble

Transport and Pate

Most magnesium salts are very soluble at pH levels normally
found in natural waters, and the magnesium ion is readily trans-
ported in surface water, soil, and groundwater. The extent of
magnesium transport in soil is dependent, in part, on the caticn
exchange capacity of the soil. Evaporation of ocean spray
particles and subsequent ataospheric transport of magnesium
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can occur. Atmospheric transport of dusts and fumes of compounds
such as aagnesim oxide can also occur.

Health Effects

There is no evidence to suggest that magnesium has carcino-
genic, Butagenic* teratogenie* or reproductive effects in humans
or experimental animals. Magnesium oxide fumes can produce
metal fume fever in humans and experimental animals. Exposure
to magnesium oxide dust may cause irritation of the eyes and
respiratory tract. Human exposure to magnesium usually occurs
by Ingestion. Magnesium is an essential element for humans,
animals, and plants. Ingestion'of 3.6 to 4.2 ag/kg/day is
thought to be adequate for maintenance of magnesium balance
in humans. The average adult American is estimated to ingest
240 to 480 ag/kg/day in food and water. However, magnesium
is absorbed relatively poorly by the gastrointestinal tract
and also is readily excreted in the urine. Excessive magnesium
retention in the body generally only occurs as a result of
severe kidney disease. Symptoms of bypermagnesemia can include
a sharp drop in blood pressure, and respiratory paralysis due
to central nervous system depression. Ingestion of magnesium
salts at concentrations over 700 ag/liter can have a laxative
effect. However, humans can adapt to ingestion of these levels
in a relatively short time. Magnesium has a very unpleasant
taste in water at concentrations producing toxic effects. ',

Different magnesium compounds vary in the severity of
their toxic effects to experimental animals. Such effects
include central nervous system and purgative effects similar
to those seen in humans. Subcutaneous injection of powdered
magnesium or magnesium alloys can produce symptoms in experi-
mental animals resembling gas gangrene. Application of powdered
magnesium to abraded skin can produce an inflammatory reaction.
However, these types of skin effects have not been reported
in exposed workers.

Toxicity to Wildlife and Domestic Animals

Available data are not adequate to characterize the toxicity
of magnesium to wildlife or domestic animals. Observed effects
are generally related to deficiency symptoms.

i
\ Regulations and Standards

' OSHA Standard: 15 izg/a3 (z&gneaims oxide fume)

( ACGIH Threshold Limit Values:
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10 ag/a TWA (magnesium oxide fume)
10 mg/m* TWA (magnesite, nuisance particulate)
20 mg/mj STEL (magnesite, nuisance particulate)

. S. Department of Transportation: Flammable solid; dangerous
when wet
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MANGANESE

Summary

Manganese chloride produced lyaphomas and manganese sulfate,
tuiiors after Injestion into ale*. In huaans, chronic exposure
to aanganese causes degenerative changes ia the central nervous
syntea in the fora of a Parkinson-like disease; liver changes
alno occur. Acute exposure causes manganese pneunonitis.

CAS Number: 7439-96-5

Chemical Formula: ..Mn

IU?AC Name: Manganese

s
Cheaiol and Physical Properties

Atomic Height: 54.938

Boiling Point: 1962*C

Melting Point: 1244«C
;

.Specific Gravity: 7.20
•

«•••• Solubility in Water: Decomposes; some compounds are soluble

Transport and Fate . .

Manganese occurs most commonly in the +2 and +4 oxidation
states in aquatic systeas. Its solubility depends to a great
extent on pH, dissolved oxygen/ and presence of complexing
agents. In saltwater, it is estimated that 85% or more of the
manganese present exists in a soluble form. In freshwater,
manganese can occur as the soluble ion, in complex organic ions,
or in colloidal suspensions. Manganese often occurs at higher
concentrations near the bottoa of stratified lakes because it
can be released froa sediments, as the manganous ion, under
reducing conditions.

In the soil, the concentration and chemical fora in which
aanganese occur can be affected by pH, cation exchange capacity,
drainage, organic matter content, and other factors. The solu-
bility of nans-mesa ia increased at lew pa and under reducing
conditions. The presence of high concentrations of chlorides,
nitrates, or sulfatcs may also increase solubility. Under
these conditions, manganese is more easily taken up by plants

• II"'
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or transported in aqueous solution. Lack of sufficient cation
exchange sites, which are provided by organic matter or clay,
can also result in greater leaching of manganese to surface or
<jroundwater.

Ataospherie transport of manganese funes or dusts can
occur. These materials can be returned to the earth by vet

dry deposition.

Health Effects

There are no epideniological studies suggesting that man-
ganese or its compounds are carcinogenic or have teratogenic or
reproductive effects in humans. Exposure to manganese chloride
by intraperitoneal or subcutaneous routes was reported to cause
Xynphoraas in mice.. Manganese sulfate was 'found to produce
tumors after intraperitoneal administration in nice. No other
reports of unequivocal carcinogenic activity are available for
common manganese compounds. Some manganese compounds , notably
Manganese chloride, have exhibited mutagenic activity in a
variety of test systems. Manganese compounds do not appear
to be teratogenic, however.

In humans/ manganese dusts and compounds have relatively
low oral and dermal toxicity, but they can cause a variety
of toxic effects after inhalation exposure. Acute exposure
to very high concentrations can cause manganese pneumonitis,
increased susceptibility to respiratory disease, and pathologic
changes including epithelial necrosis and mononuclear prolifera-
tion. Chronic manganese poisoning is more common, but generally
occurs only among persons occupationally exposed to manganese.
compounds. Degenerative changes in the central nervous system
»re the major toxic effects. Early symptoms include emotional
changes, fallowed by a •asklike face, retropulsion or propulsion,
and a Parkinson' s-like syndrome. Liver changes are also frequently
seen. Individuals with an iron deficiency may be more suscept-
ible to chronic poisoning.

Duplication of human exposure symptoms in experimental
animals has only been partially successful. In rabbits exposed
by inhalation to manganese dust, manganese pneumonitis did
not develop, but fibrotic changes in the lungs were observed.
Central nervous system effects characteristic of chronic expo-
cure in hunans have only been reproduced in monkeys.

Toxicity to Wildlife and Domestic Animals

Adequate data for characterization of the toxicity of
manganese to wildlife or domestic aniraals are not available".
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A 48-hour LC.Q valut of 16 mg/liter of manganese is
reported for embryos of the oyster Crassostrea virgtnica.
For the softshell clam Hya arenarla a 168-hour LC.n value of
300 mg/littr is reported. 50

Regulations and Standards

OSHA Standard: 5 mg/m3 Ceiling Level

ACCilH Threshold Limit Values:

1 ag/B* TWA (fuae)
3 mg/n, STEL (fume)
5 mg/m*9 Ceiling Level (dust and compounds)
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CHROMIUM

Sunwarv

Chromium is a heavy metal that generally exists In either
a trivalent oc hexavalent oxidation state. Hexavalent chromiua
(Cr VI) ia rather soluble and is quita aobile in groundwater
and surface water. However, in tba presence of reducing agents
it is rapidly converted to trivalent chromium {Cr III), which
is strongly adsorbed to soil components and consequently is
auch less mobile. A nuaber of salts of hexavalent chromiua
are carcinogenic in rats. Zn addition* an increased incidence
of lung cancer was seen ia workers occupationally exposed 'to
chromiua VI. Hexavalent chromium also causes kidney damage
in animals and humans*; Trivalent chromiua is less toxic than
hexavalent chromiua; its main effect is contact dermatitis
in sensitive individuals. The ZPA Ambient Water Quality Criteria
for the protection of human health are 50 ug/liter for Cr VI
and 170 ug/liter for Cr III.

CAS Number: 7440-47-3

Chemical Formula: Cr

IUPAC Name: Chromiua ,

Chetotcal and Physical Properties (Metal)
II9' ^^*^m~- __" i^^^^ •

Atonic Weigh t : 51.996

Boi ' l ing Point: 2672*C

M e l u i n g Point: - 1857 ± 20«C
• •

Specif ic Gravi ty : 7.20 at 28*C

Solubility In Waters Insoluble) some compounds are soluble

Transport and Pate

Hexavalent Cr is quite soluble, existing in solution aa
a component of a complex anion. It is not aorb«d to any s ign i f i -
cant degree by clays or hydrous metal oxides. The anlonic
Co cm varies according to pH and nay be a chromate, hydrochroaa te ,
or dichromate. Because all anionlc forms are so arable , they
are quite mobile in the aquatic envi ronment . Cr VI is e f f i c i e n t l y

Chromium
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removed by activated carbon and thus may have some affinity
for organic material* in natural water. Cr VI is a moderatelv
strong oxidizing agent and reacts with reducing materials to
form trivalent chromium. Most Cr IZZ in the aquatic environnenk
is hydrolyzed and precipitates as chromium hydroxide. Sorpklon
to sediments and bloaccumulation will remove much of the remain-
ing Cr ZXZ froa solution. Cr IZZ is adsorbed only weakly to
inorganic materials. Cr XIX and Cr Yl are readily Interconver-
tible in nature depending on-microenvironmental conditions
such as pa, hardness* and the types of other compounds present.
Soluble forms of chromium accumulate if aablent conditions
favor Cr VI. Conditions favorable for conversion to Cr III '
lead to precipitation and adsorption of chromium in sediments.

Zn air, chromium is associated almost entirely with particu-
late matter. Sources of chromium] la eir include' windblown
soil and particulate emissions from industrial processes.
Little information- is available concerning the relative amounts
of Cr IZZ and Cr VI in various aerosols. Relatively small
particles'can form. stable aerosols and can be transported many
miles before settling out.• . _ -^_ . ...__. ___

* Cr III tends to be adsorbed strongly onto clay particles
and organic particulate matter, but can be mobilised if it
is conplexed with organic molecules. Cr ill present in minerals
is mobilized to different extents depending on the weatherability
and solubility of the mineral in which it is contained. Hexa-
valent compounds are not strongly adsorbed by soil components
and Cr VZ is mobile in groundwater. Cr VI is quickly reduced
to CR ZII in poorly drained soils having a high content of
organic natter. Cr VI of natural origin is rarely found in
soils.

Health Effects

The hexavalent form of chromium Is oC major toxlcologlcal
Importance in higher organisms. A variety of chromate (Cr VI)
salts are carcinogenic in rats and an excess of lung cancer
has been observed among workers in the chromate-produclng indus-
try. Cr VI compounds can cause DMA and chromsome damage in
animals and humans, and Cr (VI) trloxide is teratogenic in the
hamster. Inhalation of hexavalent chromium salts causes irri-
tation and inflammation of the nasal nucosa/ and ulceratiori
and perforation of the nasal septum. Cr VI also produces kidney
damage in animals and humans. The liver Is also sensitive
to the toxic effects of hexavalent Cr, but apparently less
so than the kidneys or respiratory system. Cr III is less
toxic than Cr VI; its main effect in humans Is a form of contact
dermatitis in sensitive individuals.
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Cr III:

Aquatic L i fe (Proposed Criteria)

Freshwater
Acute toxiclty: ,(0.tM[lnCh«dntM)l+3.3«) Mg/1Uec

Chronic tox'icity: c(0'819 tin (hardness) J)*0. 537)

Saltwater

The available data are not adequate for establishing
criteria.

Huaan Health
• «

Criterion: 170 pg/litec
/

•

CAG Unit Risk foe Inhalation exposure to CR VI (OSEPX) »

National Interim Primary Drinking Hater Standard*: 50 ug/liter
/

NIOSH Recommended Standards for CR VI: 1 ug/m -carcinogenic
25 pg/«3 noncarcinogenlc TWA
50 ng/m noncareinogenic

(15-min sample)

OSHA Standards: OSHA air standards have been set for several
chromium compounds. Most recognized or suspected carcino-
genic chromium compounds have ceiling limits of 100

ACGia Threshold Limit Values: Several chromium compounds have
TWAs ranging from 0.05 to 0.5 mg/m . Chromite ore proces-
sing (chromate) , certain water insoluble Cr VI compounds,
and chromates of lead and zinc are recognized or suspected
human carcinogens and have 0.05 mg/m TWAs.

REFERENCES

AMERICAN CONFERENCE OP GOVERNMENTAL INDUSTRIAL HYGIENISTS ( A C G I H ) .
1980. Documentation of the Threshold L imi t Values. 4th
ed. Cincinnati , Ohio. 488 pages

INTERNATIONAL AGENCY FOR RESEARCH ON CANCER (IARC) . 1980.
IARC Monograph on the Evaluat ion of the Carcinogenic R i sk
of Chemicals to Humans. Vol. 23: Some Metals and Metal l ic
Compounds. World Health O r g a n i z a t i o n , Lyon, France
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Cyanides move rather freely in soils but biodegrataation would
probably significantly decrease the amount present in the ground-
water. Volatilization of HCN and nitriles may occur from soil
surfaces.

Health Effects '
•

Hydrogen cyanide and its simple salts, such as sodium
cyartide, are highly 'toxic by all routes. Many reports ace
av«J»ra'ble regarding acute poisoning in humans. Hydrogen cyanide
vapor is irritating at very low concentrations, is considered
dangerous at 20 ppm 120 mg/m ), and is fatal at concentrations
of 100 ppa (100 mg/m3) for one hour. NIOSH notes reports of
chronic poisoning resulting in fatigue, we'ariness and other
subjective symptoms in workers* but these findings have been
disputed by other investigators. Chronic exposure to low levels
of cyanide salts has been reported to cause enlargement of
th« thyroid gland in humans, apparently due to inefficient
elimination of the cyanide metabolite thiocyanate. NIOSH (1976)
concluded that there was no evidence of carcinogenicity/ muta- .
genicity, or teratogenicity for cyanides. Cyanide has been
shown to produce chromosome breaks in a plant, Vicia faba.
Because of its mechanism of action, inhibition of the election
transport system in oxidative phosphorylation, cyanide is acutely
toxic to almost all forms of life. A reduction in.the TLV
foi: HCN from 10 mg/m to a ceiling value of 3 mg/m3 has been
recommended by several investigators, to prevent the various
nonspecific 'effects noted by several investigators (ACGIH I960).

/
/

Toxicity to Wildlife and Domestic Animals

Cyanide is acutely toxic to both freshwater and saltwater
organisms, causing death at levels of about 50 pg/liter in
sensitive species and being fatal to many species at levels
above 200 tig/liter. .Final acute values were determined to
be 44.7 pg/liter for freshwater species and 2.03 pg/liter for
saltwater species. Effects such as reduced survival and reduced
reproduction were seen in fish chronically exposed to free
cyanide concentrations of from 10 to 50 jig/liter. The final
acute chronic ratios were determined to be 10.7 and 3.5 for
freshwater and saltwater organisms, respectively. The final
chronic values were determined by dividing the acute values
by the acute-chronic ratio, and were determined to be 4.2 for
freshwater species and 0.57 for saltwater organisms. An acci-
dental spill of cyanide caused the death of 4,800 fish in Oak
Ridge, Tennessee. The long-term effects of this spill, were
not reported. Livestock death and environmental damage were
caused by high levels of cyanide leaching frcrc a drum disposal
site in Illinois.
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Summary

Cyanide can be prtsent in many forms in the envirorunent.
The transport, fate, and toxielty of the chemical is quite
dependent on the specific fora. Hydrogen cyanide and its simple
salts are highly toxic following acute exposure by humans,
experimental animals, and both aquatic and terrestrial wildlife.

Background Information

Cyanide (CN-) is usually defined as hydrogen cyanide (HCN)
and its salts. The chemical/physical properties, transport
and fate, and toxlcity of cyanide are quite dependent on the
form of cyanide present.

CAS Number: 151-50-8; 143-33-9
0*

Chemical Formula: CH-

IUPAC Name: Cyanide
0

Chemical and Physical Properties

Molecular Weight: 27 -(HCN) . ,

Boiling Point: 26.VC (HCN)
/
Melting Point: -14*C (HCN)

Specific Gravity: 0.699 at 22«C (HCN)

Solubility in Water: Soluble (HCN)

Solubility in Organics: Soluble in alcohol and ether

Vapor Pressure: 657.8 mm Hg at 21.9*C (HCN)

Transport and Fate

The transport and fate of cyanide in the environment, is
dependent on the chemical compound containing the cyanide.
Most free cyanide will be HCN in aquatic environments and will
probably evaporate/ although biodegradation is another possible
f,iti» process. Metal cyanides are generally insoluble and for

Cyanide
Pag«s 1
October 1985

Associates



Regulations and Standards

Ambient Watte Quality Crittria (OSEPA):

Aquatic Life (Proposed)

Freshwater
''III IH'1

Acutt toxleltyt 22 ^g/litec
Chronic toxlclty: 4.2 pg/ltter

• m

Saltwater

Acute toxicity: 1.0 pg/llter
Chronic toxicity: 0.57 pg/liter

Human Health

Criterion: 200 ug/liter

Primary Drinking Water Standard (USEPA): 200 pg/liter

ACGIH Threshold Limit Value: 5 ng/m3 TWA
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Summary • - ' - • • - . - - . . .

In the' absence of photolytlc degradation, dlmethylnitro-
saminc is probably persistent in the environment. Dimethylnitro-
samirte is carcinogenic and produces lung, liver, and kidney
tumors in rats and nice and liver tumors in several other animal
ipecies. It also exhibits transplacental carcinogenicity in
animals and is autagenic and eabryotoxic. Both acute and chronic
exposure have adverse effects on the liver in humans and experi-
mental 1 animals.

CAS Number: 62-75-9

Chemical Formula: (C83)2NNO -

IUPAC Name: n-Nitrosodimethylamine

Important Synonyms and Trade Names: n-Methyl-n-nitrosomethanamine,
n,n-dimethylnitrosamine,
DMN, DMNA, NDMA

Chemical and Physical Properties

Molecular Weight: 74.1

Boiling Point: 151»C

,M1|/Specific Gravity: 1.0 at 20*C

Solubility in Water: Soluble in all proportions

Solubility in Organics: Soluble in organic solvents/ lipids

Log Gctar.cl/Water Partition Coefficient: 0.06 to -0.69

Transport and Fate

The most probable environmental fate of dinethylnitrosamine
In aqueous solution appears to be slow photolytic degradation.
Furthermore, although supporting data are limited, it has been
speculated that hydrogen bonding of dimethylnitrosamine with
humic acids or coordination with metal cations produces a photo-
labile intermediate and could lead to moderately rapid degrada-
tion in surface waters. Diraethylnitrosamine has been detected
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in tnc acnospnere OC metropol i tan areas anu nc*i raanuLawtut
facilities emitting this compound, suggesting that some atmos-
pheric transport can occur. However, it is reported that photo-
lytic degradation in air would be rapid, with a half-life of
less than 1 hour. Airborne concentrations in excess of a few
parts per billion appear to be unlikely except near sources
of direct emissions. There is no evidence to suggest that
oxidation or hydrolysis are important environmental fates.

Dlmethylnitrosamine is completely aiscible in water and
is reported to be highly solvated." This information, along
with limited experimental data, suggest that volatilization
from surface waters is probably not an important process.
Dimethylnitrosamine has a log octanol/water partition coefficient
near 0; significant sorption by organic particulates is therefore
unlikely. Experimental evidence confirms this and further
suggests that sorption by clay particulates in wet soil is
also unlikely. Because dinethylnitrbsamine is completely nis-
cible in water and has a low log octanol/water partition coeffi-
cient, bioaccumulation is probably an insignificant process.
Although biodegradation in surface waters does not appear to
be an important environmental fate, slow degradation of dimethyl-
nitrosamine in sewage and soil is reported to occur. Based
on this information, it is likely that in the absence of photo-
lytic degradation dimethylnitrosaraine would be very persistent
in the environment.

Health Effects

Dimethylnitrosamine is considered to be carcinogenic in
many experimental animal species by various routes of exposure.
Dose-response relationships have been established in several
studies. This compound produces liver, lung, and kidney tumors
in some species of mice and rats after oral and inhalation
exposure. Increased incidences of liver tumors have also been -
observed in many other animal species after oral administration.
Inhalation exposure in rats has produced tumors of the ethrotur-
binals and nasal cavity. Although insufficient epidemiologic
evidence exists to establish a causative role for dimethylnitro-
samine in human carcinogenesis, IARC and other public health
organizations recommend that this compound be regarded as a
human carcinogen.

Dimethylnitrosaraine is mutagenic in many microbial test
systems with metabolic activation and in several other in-vivo
and in vitro test systems. This compound is reported to exhibit
transplacental carcinogenicity and to be embryotoxic. No terat-
ogenic effects have been reported. Acute and chronic exposure
of humar.s and experimental animals to dimethylnitrosamine resulted
primarily in a variety of hapatotcxic effects. In rats, an
oral LD-g vslu-e of 4C ngAg and an inhalation LD50 value of
37 rag/kg are reported.
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Toxicity to Wildligt and Domtstic Animals

In crayfish exposed to diaethylnitrosaaine in watte- foe
6 months, extensive antenna! gland degeneration was observed
at: 200,000 pg/liter and hyperplasia of hepatopancreas tubular
cells at 100,000 pg/liter. Rainbow trout fed dinethylnitrosaraine
for 52 weeks showed a dose-related increase in hepatocellular
carcinoma at doses of 200, 400, and 800 mgAg. The weighted
average bioconcentration factor for the edible portion of all
freshwater and estuarine aquatic organisms consumed by Americans
i!i 0.026.

Regulations and Standards

Anbient Water Quality Criteria (USEPA) :

Aquatic Life
*<•

Freshwater

Acute toxicity: The available data for nitrosaaines in
general indicate that toxic effects occur at concentrations
as low as 5,850 pg/liter and would occur at lower concentra-
tions among species that are more sensitive than those
tested.

Chronic toxicity: No available data

Saltwater

Acute toxicity: The available data for nitrosamines in
general indicate that toxic effects occur at concentrations
as low as 3,300,000 pg/liter and would occur at lower
concentrations among species that ace more sensitive than
those tested.

Chronic tcxicity: No available data

Human Health

Estimates of the carcinogenic risks associated with lifetime
exposure to various levels of dimethylnitrosamine in water
are:

Concentration

14 ng/liter
1.4 ng/liter
0.14 ng/liter

ACGIH Threshold Linit Value: Suspected human carcinogen

Dime thy Initrosamine
Page 3
October 1985



AMERICAN CONFERENCE OF GOVERNMENTAL INDUSTRIAL HYGTENISTS (ACGIH).
1980. Documentation of the Threshold Limit Values. 4th
ed. Cincinnati, Ohio. 488 pages

INTERNATIONAL*AGENCY FOR RESEARCH ON CANCER (IARC). IARC Monographs
on the Evaluation of Carcinogenic Risk of Chemicals to
Humans. Vol. 17: Some N-Nitroso Compounds. World Health
Organization, Lyon, France. Pp. 125-175 e

NATIONAL INSTITUTE FOR OCCUPATIONAL SAFETY AND HEALTH (NIOSH).
1984. Registry of Toxic Effects of Chemical Substances.

. Data Base. Washington/ D.C. October 1984

SAX, N.I. 1975. Dangerous Properties of Industrial Materials.
4th ed. Van Nostrand Reinhold Co., New York. 1,258 pages

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1979. Water-
Related Environmental Fate of 129 Priority Pollutants.
Washington, D.C. December 1979. EPA 440/4-79-029

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA). 1980. Ambient
Water Quality Criteria for Nitrosamines. Office of Water
Regulations and Standards, Criteria and Standards Division,
Washington, D.C. 'October 1980. EPA 440/5-80-064

li'lhl"

Dine thyInitrosamine
Page 4
October 1985



Solubility in Organics: Depends on chemical species

Vapor Pressure: 0.0012 ma Hg at 20*C
•

Transport and Pate
**»•• . . ' . - - * • , - • • • ". .

Mercury and certain of its .compounds, including several
inorganic species and dimethyl Mercury, can volatilize to the
ataosphere from aquatic and terrestrial sources. Volatilization
i,i reduced by conversion of metallic mercury to complexed species
and by deposition of BgS in reducing sediments, but even so
atmospheric transport is the major environmental distribution
pathway for mercury. Precipitation is the primary mechanism
for removal of mercury from the ataosphere. Photolysis is
important in the breakdown of airborne mercurials and may be
important in some aquatic systems. Adsorption onto suspended
and bed sediments is probably the most important process determin-
ing the fate of mercury in the aquatic environment. Sprption
is strongest into organic materials. Mercury in soils* is gener-
ally complexed to organic compounds.

Virtually any mercury compound can be remobilized in aquatic
systems by microbial conversion to methyl and dimethyl forms.
Conditions reported to enhance biomethylation include large
amounts of available mercury, large numbers of bacteria, the
absence of strong completing agents, near neutral pB, high
temperatures, and moderately aerobic environments. Mercury
is strongly bioaccumulated by numerous mechanisms. Methylmercury

, is the most readily accumulated and retained form of mercury
*""' in aquatic biota, and once it enters a biological system it

is very difficult to eliminate.

Health Effects

When administered by intraperitoneal injection, metallic
mercury produces implantation site sarcomas in rats. No other
studies were found connecting mercury exposure with carcinogenic
effects in animals or humans. Several mercury compounds exhibit
a variety of genotoxic effects in eukaryotes. In general,
organic mercury compounds are more toxic than inorganic compounds.
Although brain damage due to prenatal exposure to methylmercury
has occurred in human populations, no conclusive evidence is
available to suggest that mercury causes anatomical defects
in humans. Embryotoxicity and teratogenicity of methylmercury
has been recorted for a variety of experimental aniaals. Mer-
curic chlcrid-3 is reported to be tairatogenic in *xoeriitental
animals. No conclusive results concerning the teratogenic
effects of mercury vapor are available.
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MERCURY

Summary

Both organic and inorganic forms of mercury are reported
to b« teratogenic and eabryotoxic in experimental animals
In humans/ prenatal exposure to methylmercury has been associated
with'brain damage. Other major target organs for organic mercury
compounds in humans are the central and peripheral nervous
system and the kidney. Zn animals, toxic effects also occur
in tfet liver, heart, gonads, pancreas, and gastrointestinal
tract. Inorganic mercury is generally less acutely toxic than
organic mercury compounds, but it does affect the central nervous
system adversely. The EPA Ambient Water Quality Criterion
for the protection of human health is 144 ng/liter.

Background Information

Several forms of mercury, including insoluble elemental
mercury, inorganic species, and organic species, can exist
in the environment. In general, the mercurous (+1) salts are
much less soluble than the more commonly found mercuric (4-2)
salts. Mercury also forms many stable organic complexes that
are generally much more soluble in organic liquids than in
water. The nature and solubility of the chemical species that,
occur in an environmental system depend on the redox potential '
and the pH of the environment.

CAS Number: 7439-97-6 '

Chemical Formula: Hg

IOPAC Name: Mercury

Chenical and Physical Properties (Metal)

Atotaic Weight: 200.59

Boiling Point: 356.53'C

Melting Point: -38.87»C

Specific Gravity: 13.5939 at 20*C

Solubility in Hater: 81.3 pg/litcc at 30-C; some salta and
organic compounds are soluble
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Chronic dietary exposure of chickens to mercuric chloride
At growth inhibitory levels causes immune suppression, with
a differential reduction effect on specific imraunoglobulins.

Regulations and Standards
•

Juobitnt Hater Quality Criteria (USEPA):

- Aquatic Life (Proposed Criteria)

Freshwater

Acute toxicity: 1.1 ug/liter
Chronic toxicity: 0.20 ug/liter

•

Saltwater

Acute toxicity: /1.9 ug/liter
Chronic toxicity: 0.10 ug/liter

Human Health

Criterion: 144 ng/liter

Primary Drinking Water Standard: 0.002 ing/liter

NIOSH Recommended Standard: 0.05 mg/m3 TWA (inorganic mercury)

OS HA Standard: 0.1 mg/m Ceiling Level

ACGIH Threshold Limit Values:

0.01 mg/m3 TWA (alkyl compounds)
0.03 ing/mf STEL (alkyl compounds)
0.05 mg/m TWA (vapor)
0.1 mg/m TWA (aryl and inorganic compounds)

REFERENCES
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In humans, alkyl mercury compounds pass through the blood
brain barrier and the placenta very rapidly, In contrast to
Inorganic mercury compounds. Major target organs are the central
and peripheral nervous systems, and the kidney. Methylmercury
Is particularly hazardous because of the difficulty of elimi-
nating it from the body. In experimental animals, organic
mercury compounds can produce toxic effects, in the gastrointes-
tinal tract, pancreas, liver, heart, and gonads, with involvement
of the endocrine, immunocorapetent, and central nervous systems.

Elemental mercury is not highly toxic as an acute poison.
However, inhalation of high concentrations of mercury vapor
can cause pneumonitia, bronchitis* chest pains, dyspnea, cough-
ing, stomatitis, gingivitis, salivation, and diarrhea.. Soluble
mercuric salts are highly poisonous on ingestion, with oral
LD.Q values of 20 to 60 ma/kg reported. Mercurous compounds
are less toxic when administered orally. Acute exposure to
mercury compounds at high concentrations causes a variety of^
gastrointestinal symptoms and severe anuria with uremia. Signs
and symptoms associated with chronic exposure involve the central
nervous system and include behavioral and neurological distur-
bances.

Toxicity to Wildlife and Domestic-Animals

The toxicity of mercury compounds has been tested in a •,
wide variety of aquatic organisms. Although methylmercury
appears to be more toxic than inorganic mercuric salts, few

' acute or chronic toxicity tests have been conducted with it.
Among freshwater species, the 96-hour LC.Q values for inorganic
mercuric salts range from 0.02 tig/liter Cor crayfish to 2,000 lag/
liter for caddisfly larvae. Acute values for methylmercuric
compounds and other mercury compounds are only available for
fishes. In ra-lnbow trout, methylmercuric chloride is about
ten times more toxic to rainbow trout than mercuric chloride,
which is acutely toxic at about 300 M9/Ht«r «t 10»C. Methyl-
mercury is the most chronically toxic of the tested compounds,
with chronic values for Daphnia maqna and brook trout of 1.00
and 0.52 pg/liter, respectively. The acute-chronic ratio for
Kaphnia maqna is 3.2.

Mean acute values for saltwater species range from 3.5
to 1,680 ug/liter. In general, molluscs and crustaceans are
more sensitive than fish to the acute toxic effects of mercury.
A life-cycle experiment with the mysid shrimp shewed that inor-
ganic mercury at a concentration of 1.6 tig/liter significantly
influences time of appearance of first brood, tine of first
spawn, and productivity. The acute-chronic ratio for the raysid
ahrimp is 2.9.
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POLYCHLORINATED BIPHENYLS

''umraarv

«'• Polychlocinated biphenyls (PCBs) ace very persistent in
the-natural environment and are readily bioaccumulated. In
humans, exposure to PCBs has been associated with chloracne,
Impairment of liver function, a vari.ety of neurobehavioral
symptoms, menstrual disorders, minor birth abnormalities, and
an increased incidence of cancer. Experimental animals exposed
to PCBs experienced an increased incidence of cancer; reproduc-
tive problems; neurobehavioral degradation; pathological changes
in the liver, stomach, skin, and other organs; and suppression
of immunological function. PCBs are often contaminated, and
these contaminants may be much aore toxic than the PCBs them-
selves. The EPA Ambient Water Quality Criterion for the protec-
tion of human health corresponding to an excess cancer risk
of It)""6 is 0.079 ng/liter.

B_ac_ kg round I n fo rma t ion -.

Polychlorinated biphenyls (PCBs) are complex mixtures
of chemicals composed of two connected benzene rings with 1
to 10 chlorine atoms attached. The chemical, physical, and
biological properties of these materials depend to a large
degree on the amount and location of the chlorine atoms on
he two benzene rings of each specific PCS and on the particular

,1(.,.tiixture of individual chlorobiphenyls that comprise the mixture.

CAS Number: 1336-36-3

Chemical Formula: CCRCC1 CCH.C1WO D X O 3 X

XUPAC Name: Specific for each polychlorinated biphenyl

Important Synonyms and Trade names: PCBs, chlorinated biphenyls,
polychlorobiphenyls, Aroclor,
Kanechlor, Clophen

Chemical and Physical Properties

Molecular Weight: 189-399*

Boiling Point: 267»C and up*

Halting Point: 54-310°C*

'Increases with increasing chlorination.

Polychlorinated biphenyls
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Specific Gravity: 1.3 to 1.5 at 20»C*

Solubility in Water: 0.003-0.6 mg/liter

Solubility in Organics: Soluble in aost common organic solvents

Log Octanol/Water Partition Coefficient: 4-6*

Vapor Pressure: 10~3-10~5 aa Eg at 20*C**

Henry's Law Constant: 10 to -10"5 atm m3/mole

Transport and Fate

The transport and fate of polychlorinated biphenyls has
been studied extensively/ and although individual chemicals
vary in the rates at which processes occur, some generalizations
can be made about PCBs as a class. PCBs are relatively inert,
and therefore persistent, compounds, with low vapor pressures,
low water solubility, and high log octanol/water partition
coefficients. Despite their low vapor pressures, they have
a high activity coefficient in water, which causes a higher
rate of volatilization than might normally be expected. Vol-
atilization and persistence account for the ubiquitous nature
of PCBs in the environment. Adsorption to the organic material
in soil or sediments is probably the major fate of at least
the more heavily chlorinated PCBs. Once bound, the PCBs may.
persist for years with slow desorption providing continuous,
low-level exposure to the surrounding locality. Bioaccumulation
of PCBs also occurs, with most of the compound stored in the
adipose tissue of the body. PCBs are degraded primarily by
two routes. Less heavily chlorinated PCBs (mainly the mono-,
di», and trichlorinated PCBs) can be biodegraded by some soil
microorganisms. PCBs with five or more chlorines are not meas- -
urably biodegraded. These heavier PCBs can be photolyzed by
ultraviolet light. This process is extremely slow, but it
nay be the aost important degradation process for these very
persistent compounds.

Assessing the toxicity of PCBs is complicated by the fact
that several different mixtures have been produced and distrib-
uted commercially and by the presence of highly toxic contam-
inants in some commercial mixtures. Some of these contaminants
can be formed by combustion of PCBs or even by high-teraperature
treatment in service, so that used materials may be more toxic
than the commercial mixtures whose toxicity has been studied.

*Increases with increasing, chlorination,
**Decreases with increasing chlorination,

Polychlorinated biphenyls
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Health Effects

In humans exposed to PCBs (in- the workplace oc via acci-
dental contamination of food), reported adverse effects include
chloracne (a long-lasting, disfiguring skin disease), impairment
of liver function, a variety of neurobehavioral and affective
symptoms, menstrual disorders, minor birth abnormalities, and
probably increased incidence of cancer. Animals experimentally
exposed to PCBs have shown most of. the same symptoms, as well
as impaired reproduction; pathological changes in the liver,
stomach, skin, and other organs; and suppression of immunological
functions. PCBs are carcinogenic in rats and mice and, in
appropriate circumstances, enhance the effects of other carcin-
ogens. Reproductive and neurobiblogical effects of PCBs have
been reported in rhesus monkeys at the lowest dose level tested,
11 ug/kg body weigh.t/day over a period of several months.

Toxicity to Wildlife and Domestic Animals

Polychlorinated biphenyls are bioaccumulated and can be
biomagnified. Therefore, their toxicity increases with length
of exposure and position of the exposed species on the food
chain. .The toxicity of the various PCB mixtures is also depen-
dent on their composition. Because of the complexity of PCB
toxicity, only general effects will be discussed here.

The 96-hour LC.Q values for rainbow trout, bluegills, >.
and channel catfish were around 20 rag/liter. The same species
exposed for 10 to 20 days had LC5Q values of about 0.1 mg/liter.
Invertebrate species were also adversely affected, with some
species having 7-day I»C5Q values as low as 1 ug/liter. In
general, juvenile organisms appeared more susceptible to the
effects of PCBs than either eggs or adults.

Three primary ways in which PCBs can affect terrestrial
wildlife are outright mortality, adversely affecting reproduc-
tion, and changing behavior. PCB doses greater than 200 ppm
in the diet or 10 mg/kg body weight (bw) caused some mortality
in sensitive bird species exposed for several days. Doses
around 1,500 ppn (diet) or about 100 mg/kg (bv) caused extensive
mortality in these sensitive species. They generally cau*e*
some mortality in all species, with the level being depenuer.t
on the length of exposure and the particular PCB mixture.
Some mammalian species are especially susceptible to PCBs.
For example, mink died when fed as little as 5 ppm in the diet
(equivalent to less than 1 mg/kg bw/day). PCBs caused lower
egg production; deformities; decreased hatchability, growth,
and survival; and some eggshell thinning in reproductive studies
on chickens fed doses of 20 ppn in the diet (1 mq/kg bw).
Mink fed 1 ppm in the die*. (0.2 mg/kg bw) had lower reproductive
success, and there are indications that an increased incidence
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oC premature births in some marine mammals was linked to PCB
exposure. Behavioral effects on wildlife include increased
activity, decreased avoidance response, and decreased nesting,
all of which could significantly influence survival in the
wild.

Mo toxic effects on domestic animals other than chickens
were reported in the sources reviewed, but susceptible species
would probably be affected in a similar manner to laboratory
animals and wildlife.

Regulations and Standards

Ambient Water Quality Criteria (OSEPA):

Aquatic Life •

Freshwater

Acute toxicity: 2 pg/liter
Chronic toxicity: 0.014 pg/liter

Saltwater

Acute toxicity: 10 pg/liter
Chronic toxicity: 0.030 pg/liter

t

Human Health '

Estimates of the carcinogenic risks associated with lifetime
«i ,„„/ exposure to various concentrations of PCBs in water are:

Risk Concentration

10"5 0.79 ng/liter '
10 , 0.079 ng/liter
10"' 0.0079 ng/liter

CAG Unit Risk (USEPA): 4.34 (mg/kg/day)"1

NIOSH Recommended Standard: 1.0 yg/m TWA

ACGIH Threshold Limit Value: 0.5 mg/m3 TWA
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O.S. F1sh I Hlldllfe Strvlct
1830 Second Avenue
Rock Island, nilnolt 61101

Rtt Crib Orchard lake RI/FS

Dttr Mr, Ruollts

Attached Is a tabulation of OA/QC cowients on tht Phast 1 data
and recommended data useablllty. Tht QA/QC conntnt* art taken fro»
moios and discussions with personnel fro» tht U.S. Environmental
Protection Agtncy, Rtgton f. Contract laboratory Mantgtmtnt Stctton
(CPNS) and tha Quality Assuranct Off let (QAO).

Tha racomtndtd data ustablllty Is a concurrtnct of opinion
bttwttn nystlf and parsonntl fro* tht CPMS and QAO. If you or your
contractors dlsagret with thtst racomaflditlont , pltast contact at.

^ undtrstandlng 1s that If data Is consldtrtd not ustablt, 1t
should not aven bt Includtd In Rantdlal Investigation Report. If
data 1s useabla for screening only, this should bt Identified In tht
Report and the data should be separated from data that 1s considered
quantitative. Other data qualifiers should also bt Identified In the
Report.

It should be noted that specific additional documentation needed
to validate the data are Identified for tht ETC CLP organlcs and Utston
explosive** If this nfsslng '-'{Mentation Is submitted. It Is possible
that this data will be deter*. ,..d to be wore useable.

Sincerely,

Richard f. Bolct
Remedial Site Project H wager

cci I. Cowlet, IEPA
D. Iyer, O'Brien I Gere



FarametLaboratory

O'Brien & Gere CLP Organic! Vo I a tiles

B N A ' s

Pesticide/PC Bs

GC screening of soils

QA/QC Problems1

(Reffa-eace)

No tuning data
Mass ratio outside limits
for brominated cmpds.
Matrix spikes outside for
some compounds. (Z/ZZ/86 memo
from Pat Churilla)

Tuning data unacceptable.
Compounds not found in initial
calibration. Calibration data
missing on two dates. Low
recovery on some samples.
(8/11/86 memo from Patrick
Churilla)

Retention time shift.
(4/24/86 and 10/16/86 memos
from Patrick J. Churilla)

Data not assessed in detail

Not useable fort 2-
butanone, vinyl acetate,
4-methylr2-pe«tanoo«.
Positive Value* are estimates.
Negative* arc mot useable
unless nothing detected
in whole fraction.

Not useable fort aniline,
bis (Z-chloro-isopropyl)
ether, 4-chloroaniline,
2-nitro-sodipbenylamine,
benzidene, 3,3-dichloro-
benzidine, di-n-octyl-
phthalate, benco(a)pyrene,
indeno (1,2,3) pyrene,
dibenco(ah) anthracene.
Positive value* are estimates.
Negatives are not useable
unless nothing detected
in whole fraction.

Useable for screening
purposes. PCB results
are qualitative, (p. 2,
9/26/86 from James Adams)

Useable for screening.
PCB results are qualitative,
(p. 2 of 9/26/86 memo from
James Adams)

Footnote:

(1) Chain-of-custody procedures were not followed
from James Adams).

in the laboratory for any Phase I samples (p. Z, 7/3/86 memo
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Laboratory

O'Brien & Gere

Paramet

PCB's

Atomic Absorption
Screen (Ag, As, Be,
Cd, Cu, Ni, Pb, Se, Zn)

Mercury

TKN, total phosphorus

Cyanide

Water extract able
nitrate-nitrite

Water extractable
TOC, ammonia, chloride
spec cond., pH, sulfate

TOX in water

TOX in soils

wA/QC Problems
(Reference)

(9/26/86 memo from James
Adams)

No raw data and very l i t t le
QA/QC documentation is available.
Results appear to be inconsistent
with results from previous samplings.
(9/26/86 memo from James Adams)

Very high blank and poor
calibration (8/1/86 memo from
Jay Thakkar; 9/~"' '86 memo from
James Adams)

Strip charts not matched
with raw data. Duplicates and
spikes out of control. (8/1/86
memo from Jay Thakkar)

High detection limit. No
laboratory QC performed.
(8/1/86 memo from Jay Thakkar,
7/3/86 memo from James Adams)

Some strip charts very noisy.
Wrong reading from strip charts
(8/1/86 memo from Jay Thakkar)

No records reviewed.

Data Usability

Useable

Not useable

No records reviewed.

Method not determined.

Not useable

Values estimated.
Useable only for screening
relative values.

Not useable

Values estimated.
Useable only for screening
relative values.

Probably useable for screening
of relative concentrations
only.

Probably useable for screening
of relative concentrations
only.

Not determined.
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Laboratory

ETC

Paramet

ICP metals

CLP Organics

West on

Dioxin/Furan

Explosive residues

Hazelton CLP OrRanics

QA/QC Problems
I Reference)

(8/1/86 memo from Jay Thakkar)

No calibration data for VGA's
& BNA's . No raw data on spikes
and method blanks. No duplicate
spike. BNA contained TIC's that
could cause false positives.
(8/11/86 memo from Patrick Churilla)

Diphenylethers not checked as
interference (8/11/86 memo from
Patrick Churilla)

Detection limits should be 5x
higher. No retention time
windows. Percent moisture not
reported. Method of calculation
not given. Operating conditions
not reported. (7/16/86 memo from
Patrick Churilla)

(1/14/87 memo from Patrick
Churilla)

Data Useability

Estimated values. Useable
for screening purposes only.

PCB result* useablei BNA &
Vo la tiles are estimated and
uaeable for screening only.
Pesticide-not determined
because no documentation provided.

Useable

Useable with detection
limit 5 x detection
limit reported.

Volatile., BNA fc PCB's
useable except that where
acetone, methylene chloride or
phthalates detected in blank,
there may be false positives
and other positive values will
be estimated and biased high.

Pesticide analyses should be
considered qualitative.

ICAP metals Not assessed
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QA/QC Prob!es>s
Laboratory Parameters (Reference)

Cyanide Not assessed

Mercury Not assessed

TKN, ammonia, phosphorus Not assessed

Upstate
Laboratories Arsenic, selenium Not assessed
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EXECUTIVE SQMAKX

Evaluation of Animal Data

The investigation of PCBa' carcinogenic potential la mica ia
limited to two abort atudiea, whila aoma eight to taa studies have
baaii reported using varioua atraina of rat. The PCS mixturea tastad
tauii far ara : 1) ia mica - Kaaachlor 300, Kaaechlor 400, Kanechlor
500 aad Aroelor 1254; aad 2) ia rata - Kaaaehlor 300, Kanacalor
400,. Kaaaehlor 500, Clophaa A30, Clophea A60, Aroelor 1254 aad
Aroelor 1260.

PCBs have been found to ba tumorigeaic la mica with Aroelor
1254 producing aepatomaa aftar 11 aontha of exposure aad Kaaaehlor
500 (aimilar ia eompoaitioa to Aroelor 1254) inducing
hepjLtocellular eareiaomaa aftar I months of exposure. Thasa laaioaa
were shown to ba ravarsibla aad apaeific for tha doaa (500 ppa) aad
chlorinatioa of tha Pd mixture.

Za rata, Aroelor 12CO ox its equivalent, Clophan A60, have
proclucad hepatocellular carcinomas ia thraa atudiaa at doaaa of
approximately 100 ppm, a doaa which appaara to rapraaant tha
maximally tolaratad doaa for rata. A raviaw of thaaa thraa atudiaa
iadicatea that tha tumors occur vary lata ia tha lifa of tha
animal, with a aignificant iaeidanea of tumors only baginning to
appear aftar about two yaars of axposura. Of iataraat ia tha fact
that: in all thraa atudiaa tha PCS traatmant, whila increasing tha
iaeidanea of livar cancar, 'did not incraasa taa total tumor
iacidanca. Tha total tumor iaeidaaea waa aot iaeraasad ia thaaa
atudias bacauaa ia aach eaaa tha ineidaaea of othar tumor typaa had
beea significantly decreased. This suggestion of aatitumor activity
of PCBs has also baaa daaoaat rated ia a study axaaiaiag tha affact
of I'CB axpoaura on tha final toaar iaeidaaea ia animals folloviag
tha transplantation of tha Walker 256 sarcoma. Tha affacta of
chronic PCS-treatmeat was aot life-shortening, aad ia fact ia two
of tha atudias the morbidity aad mortality of tha animals waa
actually dacraasad by PCS traatmant. Furtharnor*, whila tha tumors
ara dascribad as salignant, i.a. hapatocallular eareiaomaa, ia aona
of i^ia thraa atudiaa did taa livar tumors matastasiza to othar
organs «v«n though matastasaa would ba axpaetad if tha tumors were
malignant. So from thaaa atudiaa it ia avidaat that PCB-traataant
doas not iacraasa tha total eaaear risk ia thaaa animals, rather it
ahifta tha iaeidanea of tha type of tumors observed by
aignifieantly daeraaaing some tumor typaa whila enhancing the
iaeidaaea of liver tumors. Laatly, PCS mixtures of lesser
ehlorination, i.a. Aroelor 1254 aad Clophan A30 (similar in
composition to Aroelor~1242, see table Ir4, page 8, of Briakman aad
DeJCok, 1980), hava beaa examined ia two separata studies aad found
not to be carcinogenic. Thus, conclusions to ba drawn from the rat
datu, like the mouae data, are specific for the dose and degree of
chlorinatioa of the PCS mixture being tested.
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feasibly because PCBs produce liver hypertrophy, they enhance
the tuaorigeneaia of certain liver carcinogens if given after the
carcinogen in question haa had an opportunity to initiate tumors.
However, if the to exposure precedea or ia concomitant with
exposure to liver carcinogens the tuaorigenie response ij typically
decreased, probably aa a reault of an enhanced metabolic
detoxification of the carcinogen.

To summarize, the qualitative human relevance of the
carcinogenic activity of ?CBa baaed oa the animal data ia limited.
Th« studies providing some evidence of its carcinogenic activity
ar« specific for the degree of chlorination of the PCS mixture, the
••-•sal tumor incidence is not increased, and the tumors produced

zsur only very late in the life of the animal and have no adverse
ecfect on the morbidity or mortality of the animal. There are other
considerations that limit concern for the carcinogenic data in rats
as well. PCBs are not mutagenic, and the mechanism of tumorigenesis
fo:c these compounds therefore would appear to involve an epigenetic
mechanism. There is also substantial evidence that the doses used
to induce tumors in rats are hepatotoxic, and evidence indicating
thu neoplasms induced by PCBa are reversible if the exposure is
terminated before the animal has been exposed for a considerable
portion of the animal's lifespaa. AJ.1 of these findings seriously
undermine the human relevance of the animal carcinogenicity data.
This ia particularly true aa the human dosages from past and
;rosent human exposures are far lower than those used in the animal

, studies. Given these considerations, it is concluded that the
' aninal data provides 9v?**ei*nt evidence of Jlmi*** hmnmn fmlmvmnem

thiLt PCBs of 60% chlorine content (e.g. Aroclor 1260/Clophen A60)
are carcinogenic in animals. For PCBs having a chlorine composition
of 54% (e.g. Aroclor 1254/Kaneehlor 500) there is only

of carcinogenicity ia animals because the larger and
1-r.ger study in rats waa negative, a finding suggesting that the
reversible effects reported ia mice may have resulted from a
promotion of the substantial background incidence of liver tumors
occurring in this species. For the remaining commercial PCS
mixtures (i.e. Aroclor 1248, Aroclor 1242, Kanechlor 400,
F-nechlor 300, and Clophen A30) there is either no mvidencm or
<-9uf?<~ imnt ay<gf«n«7« for the carcinogenicity of these mixtures in
animals .

Evaluation of Epidcmiological Evidence

evidence for human carcinogenicity would be supplied if the
two major epidemiological- studies of PCB-exposed workers
demonstrated a consistent increase in cancer mortality. This
increase should show a positive correlation with exposure and
evidence of latency. The evidence for carcinogenicity would be
strengthened if the incidence of specific types or sites of
neoplasms were consistently elevated. In reviewing the data from
these two cohorts, none of these conditions are met.



While Bertazzi et al. (1986), in their study of Italian
.PCB-exposed workers, found a statistically significant elevation in
tJie rate of cancer mortality among beta mala and femail workers,
the orach larger study of Brown found no increase in cancer
Mortality. In the Brown study/ there were higher-than-expected
incidences of rectal and liver cancer. Evidence for an association
between PCB exposure and these malignancy types cannot be
considered strong, however, in that: 1) no cases of rectal cancer
were observed after the initial report, suggesting that this
increased rate was anomalous, 2) the number of cases of liver
cancer observed in this study ia not appreciably greater than
e:cpected when examined without total number of liver neoplasms used
by Brown which includes those liver cancers that have metastasized
from other organs, 3) in comparison, the study by Bertazzi at al.
found only one case of liver cancer and no cases of rectal cancer
in their cohort, and 4) the absence of a clear association with
latency or relationship with duration of exposure.*

The primary sites of neoplasms contributing to the
higher-than-expected cancer mortality rates in the Bertazzi studies
were located in the digestive system and the hematopoietic and
lymphatic systems. These were not increased in the larger cohort
riiported by Brown. Further, in the Bertazzi cohort, there was no
evidence of latency or relationship between cancer mortality and
exposure to PCBs. It should also be noted that in the larger of the

, two subdivisions of their cohort, the female workers, differences
'"""" in incidences of causes of death presumably unrelated to PCB

exposure (viz., increases in accidental death .and decreases in
deaths from cardiovascular disease) were of similar magnitude as
Increases in death from malignant tumors. This suggests, at least
for this group, that other confounding variables may exist.

In summary, epidemiological evidence for human carcinogenicity
of. PCBs is at present weak and mostly negative. As such, until
larger epidemiological studies can be completed, the data must be
Considered inarfggt?agg Co g.har»g?*yjgg P̂ *s as



Sunnary Table

There is mnfflf imnf mviflmnfg of limit** human rmlmvanerm
for the cmrcinogenicity of Arocloz 1260 in animals.

The human •vid*nc« for carcinoginicity of this compound is

100 •
Th«r« is 4*»fi*?uat» mvifimnc^ for the eareinogenicity of

Aroclor 1254 in animals.

Tb* human •vid«nc« for eareinogenicity is negative but

\roclor Tg4t/ir«n»ghlQg 4QQ •
There is no 9vid*ncm/inmuf?±dmTit evidmncm for the

eareinogenicity of Aroclor 1248 in animals.

The huaan evidence for eareinogenicity is negative but

There is either no •Tririange or insufflcienf mvldmnr* for
the eareinogenicity of these mixtures in animals.

The human evidence for eareinogenicity is negative but
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l.D Carcinogenieity aad Itelated ftudles Za Animal*

1.1 Studies ia Hie*

Nagasaki et al. (If 72) Initially examined the
hepatocarcinogenic effects of Japanese brands of PCB fluids by
feeding male ode* dietary levels of 100 ppm, 250 ppm, and 500 ppm
for 32 weeks. As this particular citation represents a short
communication, detailed discussions of the experiments! design and
hiiitopathological examinations of this* Investigation were lacking.
An increased Incidence of liver tumors was found in only one of the
treatment groups, those mice receiving the 500 ppm diet of
Kaoechlor. 500, where hepatomaa verm, identified ia 51% or 7/12 of
the animals-.. .The. livers, from, animals, in. this group, also contained
nodular: areas and many necrotic. foci.. Za. sharp contrast to these
findings-, no hepatomas and none of these histopathologic changes
were observed in animals receiving lower doses of Xanechlor 500 or
In any of the animals receiving Kanechlor 400 or Kanechlor 300.

...The results of the above study also appear to have been
.reported in two other journals- under ~Ita et al. (1973atb) . As in
the previous, study it. was. reported that male mice of the ddY strain
were fed diets containing Kanechlor 300, Xanechlor 400 or Kanechlor
500 at. dietary levels of 100Y 250 or 500 ppm for 32 weeks. PCBs
significantly increased the liver weights of the animals, and at
the highest dose of Kanechlor 500 the liver: body weight rstio had
increased 3-fold with histopathological examination of the livers
revealing a focal hypertrophy in the centrilobular hepatocytes of
non-neoplastic areas. Another change observed in all PCB
treatment groups, except those receiving 500 ppm of either
Kanechlor 500 or 400, was a marked amyloid degeneration of the
liver in the space between the sinus endothelium and the
hepatocytes. For some reason, the liver tumors in these more
recent publications (Xto et al, 1973atb) have been reclassified,
and the tumors reported as hepatomas in the previous communication
(Nagaski et al., 1972) are now listed as carcinomas (Ito et al.,
1SI73 atb) . That is, in the group receiving 500 ppm of Kanechlor 500
(originally described as having hepatomas in 7/12 animals) nodular
hyperplasia was found in 7/12 animals (58.3%) while 5/12 of the
livers (41.7%) now have well-differentiated hepatocellular
carcinomas. The carcinoma cells were reported to be comprised of
iirregularly shaped cells with pyknotic nuclei and occasionally had
ml t otic nuclei. The reason for changing the classification of
these neoplasms from hepatoma to carcinoma is not provided. Of
some interest to discussions of the carcinogenic potential of PCBs
ia the fact that all of the -other doses of all three .Kanechlor 3
tested failed to produce even nodular hyperplasia. Thus, the
tumorigenieity reported was quite specific for the dose and the
extent of cnlorination of the Kanechlor being tested.

Kimbrough and Linder (1974) examined the effects of PCBs in



ce and obtained results consistent with those found for the
v,,,.,**!!*!-chlorinated Kanechlors of the preceding study. Croup* of 30
male llalb/eJ mica we*e fed 300 ppm Aroclor 1254 for either II
montaii or for € month* followed by • 5 month recovery period. The
author*̂  pointed out that this dietary level vaa tone 2,300 times
the Food and Drug Administration's estimate of the average human
daily PCB intake from food during the early 1970*s. About one-half
of tho animals in each PCB treatment group died during the first 4
iBonthn, but this problem seems to have been unrelated to the PCB
treatment aa control animals suffered a similar incidence of
•oreality. Of the 22 mice surviving the. IX. month feeding study,
all animals had hepatomegaly, with . the live*, represeatiag
approximately 25% of their body weight in comparison to the 5.1%
liver:body weight ratio measured for the control animals.
Adenofibrosis (i.e. cholangiofibrosis) was observed in all 22
liver• taken from mice fed PCBs for 11 months, however 13/68 livers
taken from control animals had occasional, small areas of necrosis
and fibrosis. Of the liver* taken from animals receiving 300 ppm
Aroclor 1254 for 11 months, the nuclei were enlarged,
hyperchromatie and atypical. The cytoplasm was either smooth or
vacuolatedr and the Kupffer cells contained a brown pigment. Some
of these livers had extensive necrosis and fibrosis. Zn each of the
livers, several areas of hepatocytes had been replaced by
proliferating epithelial cells which formed ducts and often
produced mucus. Zn addition to these histological changes, 10
hepatomas were found in 9 of these livers. The tumors were
'.escribed as well circumscribed and surrounded by compressed

», parenchyma or strands of fibrosis. Zn the 24 surviving mice fed
PCBs for only 6 months followed by a 5 month recovery period, only
one liver contained a hepatoma. Yet, liver fibrosis was observed
in two-thirds of these animals and hepatocellular necrosis was
evidont in most of the livers.

1.2 Studies JJL Hats

.\irtura and Baba (1973) exposed 10 male and 10 female Donryu
rats to a variable dietary level of Kanechlor 400 for 400 days.
The diet initially contained 38.5 ppm and was fed to the animals
for 4 weeks; the dietary level was then doubled and provided for
the following 8 weeks; the initial dietary level was then increased
4-fold and provided for 3 weeks; it was then increased 8-fold and
fed to the animals for another 3 weeks; finally it was increased to
16 times the initial level and fed to the animals for 3 more weeks.
This last increase in the dietary levels of PCBs (a level that was
approximately 616 ppm) was found to be too. toxic and caused a
considerable weight loss in the animals. Zn response to the
toxicity observed at this dose, the dietary level was reduced to
452 ppei for the remaining 32 weeks of the study. Further
complicating interpretations of this study is the fact that animals
died or 'ere sacrificed at various times throughout the experiment,
therefora the total PCB dose each animal received may differ. Zn
general, the total amount ingested was thought to be 1300-1800 mg
for the group of male animals and 1100-1500 mg for the female

' animals. Microscopically the livers of all of the treated animals



fatty degenerative change*, and while 6/10 of the livers
from festal* animal* had adenomatoua nodules, nan* of the livers of
tha malft animals contained such nodules. However,the liver nodules
observed In the female animal* do not appear to be related to the
PCB treatment as 2/5 (40%) of the livera from the control female
animals also contained adenomatous nodules.

• •

Xa a second study Kimura et al. (1976) fed 12 female Oonryu
rats diets containing 400 ppm Kanechlor 400 for 6 months. The
estimated dose corresponded to a total of 531 mg of PCBs during
this period. Bight of the 12 animals were then sacrificed 590
days after the feeding began. None of these animals developed
hepatocellular carcinoma/ and 9/12 of the livers were normal in
appearance, suggesting that the degenerative changes observed in
the previous study are reversible.

Zto et al. (1974) fed male Nistar rats Kanechlor 300,
Ksnechlor 400 or Kanechlor 500 at dietary levels of 100, 500 or
1,000 ppm for up to 52 weeks. No hepatocellular carcinoma was
found in the livers of any of the treated rats. The highest dose
of all three Kanechlors did produce a cholangiofibrosis of the
liver, but this effect was not observed at the lower doses with any
of the Kanechlors. Nodular hyperplasia was observed in 30-40% of
the rats exposed to the two highest doses .of Kanechlor 500 (i.e.
'•'saes of 500 ppm and 1.000 ppm) and in animals receiving a diet

staining 1,000 ppm of Kanechlor 400. Oval cell proliferation and
\Wlri,<oliferation of the bile duct cells were observed in all treatment
groups., Hypertrophy of the centrilobular cells was also evident in
animals receiving the highest dose of the two most heavily
chlorinated PCB mixtures. Fatty changes and fibrosis were also
observed in the livers of animals of several of the treatment
groups. .The fatty changes, hypertrophy and fibrosis of the liver
all tended to be - present and correlate with the observation of
nodular hyperplasia/ suggesting that these changes may have been
contributory factors.

Kimbrough et al. (1975) published the first major positive
study demonstrating that Aroclor 1260 can produce hepatocellular
carcinoma in the rat. In this study 200 female Sherman strain rats
%rere fed Aroclor 1260 at a dietary level of 100 ppm for
approximately 21 months. There was a statistically significant
fi-7% decline in the weight gain of the animals exposed to PCBs in
this study suggesting that the dose used approximated the
maximally-tolerated dose. The incidence of the histopathological
findings from this study are summarised in Table 1. The most
consistent histopathologic difference in the PCB treatment group
was the finding of hyperplastic or neoplastic nodules in 144/184
(78%) of the livers. More importantly, however, was the finding of
hepatocellular carcinoma in 26/184 (14%) of the PCB-treated
animals. The tumors were well-differentiated neoplasms of the
rabecular type, except in three of the animals which had tuaors

, vita a glandular, papillary pattern. Foci of coagulative necrosis
were occasionally observed in the cancerous areas, but there was no
fibrosis or other evidence of chronic degenerative changes. Tumors



in areas other than the liver were not listed aa significantly
different, however, in aon« casts there was a substantial decrease
in the tueor incidanca of otbar tissues, a.g.

nan i
of Careinoganaais Bioaaaay of Aroclor 1260

>.,„•''

Organ/Tissue

Uwr

Thyroid gland

Pituitary gland

Kanaary gland

Ovary •

Tumor Type

Hepatocellular eareinema
Neoplaatic oedulas
Areas of eytoplasaie alteration

Paraxollicular call tumor

Oironopbobe adenoma

ribroedeneaa

.Granolosa theca call tumor

Control
Animals

1/173
0/173

21/173

*37/l(0

41/133

17/173

5/141

Xroclor 1260
Animals

2C/1B4
144/114
112/114

11/164

21/139

13/114

0/H3

Adapt ad, in part, from Kimb rough at al. (1975)

aa in tha caaa of parafollieular call tumors of tha thyroid. Tha
total incidanca of axtra-hapatic tumors in tha Kimbrough at al.
(1975) atudy was 134/173 (74%) in control animals varsua 110/183
(60%) in Aroclor 1260 traatad animals. So while PCBs had
significantly incraasad tha livar carcinoma incidanca, tha total
tumor incidanca (71% ia control animals -va- 74% in Aroclor
animals) in PCB-traatad animals was actually slightly lass than tha
incidanca for control animals. Tha PCB traatmant was alao not
lifa-shortaning; on tha contrary, about twica as many control
animals bad diad for various raasons bafora tha axparimant was
tarminatad at 23 months.

Calandxa (1976) at tha 1975 PCB confaranca sponsored by tba EPA
reported the findings of several chronic studies performed by a
commercial laboratory for Monsanto. While these studies have never
been published the results were recently reviewed by Levinskas
(1981). Zn this study 1,000 rats were divided into tea groups of
100 animals (50 of each sax) and nine of these groups were exposed
to Aroclors 1242, 1254 or 1260 at dietary levels of 1, 10 or 100
ppm. Apparently five animals of each sex were sacrificed at 3, €
and 12 months with about 35 animals to be killed at the end of the
two year atudy (EPA, 19tO) . la the animals sacrificed early, only



one nodular hyperplasia was observed and it was in the group fad
100 ppa of Aroelor 1260 for 12 Booths. Mortality in this study was
higtr-aad approximately one-third-of-the 109 animals anticipated to
b« (txposed for two yaars at aaeh diatary level died. Hepatomas
wem observed in 7/25 livers fro* animals fad 100 ppm Aroelor 1260,
la 4/26 fad Aroelor 1254, 3/19 fad Aroelor 1242, and only 1/168
aniiials receiving tha 1-10 ppa diats. Modular hyparplasia was
twice as prevalent as hepatomaa in tba high dosa animal*,
particularly in tha Aroelor 1254 group.

In 1978 tha> National Canear Instituta axaminad tha carcinogenic
potential of Aroclor 1254 (NCI, 1978). Groups of 24 mala and 24
female Mistar rats wara fad Aroelor 1254 at diatary lavals of 25,
50 or 100 ppm for 105 waaks. Clinical signs of toxieity including
hair loss, facial edema and cyanosis occurred by waak 72 in tha
high dosa animals and tha maan body weights wara roughly only
2/3-3/4 that of thair respective controls. This daeraasa in body
weight axeaads tha no more than 10% waight loss guideline for tha
estimated maximally tolerated dosa that is part of tha MCI
guideline for cancer bioassays (MCX, 1979). Several histopathologic
changes occurred in tha livers of animals receiving PCBs that
appeared to ba related to tha PCB treatment, particularly the
incidence of hyperplastie nodules and adenomas. Male animals had
one Jxapatocellular carcinoma in tha 50 £pm group and .only 2 in_tha
100 ppm group. Although tha incidence of these tumors was not
significant, tha occurrence of prolifarativa lesions did appear to
b« close related. In reviewing this bioassay, the Data Evaluation/
Risk Assessment subgroup of tha Clearinghouse on environmental
Carcinogens responsible for providing peer review of MCI studies
concluded the following :

•It is concluded that, under the conditiona of tha
bioassay, Aroelor 1254 was nafc eareiBayMie in Fischer
344 rats; -however, a high incidence of hepatocellular
prolifarativa lesions in both mala and famala rats ware
related to treatment. In addition, tha carcinomas of the
gastrointestinal tract may ba associated with treatment
in both males and females. Based on the liver
proliferative lesions in the treated rats and published
reports, it is suggested that Aroelor 1254 may be a
tissue promoter.*

Morgan at al. (1981) have taken the same tissue sections that
originated in the MCI bioassay (MCI, 1978), stained the stomach
sections for alkaline phosphatase, and than re-sectioned these
tisiiues for histological evaluation in conjunction with those
provided in the MCI study itself. The final incidence of alkaline
pho«pb*t*ee rich areas was 6.4%~ta controls, 10.4% In animals fed
25 ppm Aroelor 1254, 16.7% in the 50 ppm group, and 35.4% in the
100 ppm group. These changes were most often noted in the pyloric
region of the stomach and duodenum (88% of the lesions were found
in these areas), suggesting a toxieity specific to the cells of
these areas. Gastric adenocarcinomas comprised six of the 33 total



lesioas identified in these slices. Three ware found la tissues
froai the JOr ppm treatment group and two 'la the animal group fad 100
ppm. Thus,, tha "increased iaeideae* of Vail tumor'was not related
to th» dot* of YCBs. The remaining 27/33 lesioas identified ia
thiJi study were described •» intestinal metaplasia. The author*
concluded that the actual number of lesions' they believed should
hav* beea observed ia the Q.I. tract tissue sections of the MCI
studty was twice the number of lesioas reported ia the original MCI
study. Further, aad oa the basis of their findings, tb« authors of
thin pap«r eoaeludsd that chronic oral Aroclor 1254 exposure nay
lead to the induction of intestinal jMtaplasiar aad possibly to
adanocardiaoaa of tha glandular stoaach of tha Fischar 344 rat
(Morgan at al./ 1981).

Ward (1985) has also poblishad a raviaw of tha slidas
originating fro» tha HCX bioassay. Xa additioa to tha
aforeaantionad dosa-ralatad daprassion of body waightr Ward (1985)
also diseussas* ia soma datail, tha substantial dacraasa ia aaiaal
•unrival that occurrad ia this study. Nhila tha survival rata ia
control animals aad ia tha traataaat group racaiviag 25 ppa was 92%
and 83%, raspactivaly, only 58% of tha animals racaiving tha 50 ppm
diet: and 46% of tha animals fad diats containing 100 ppm survived
to tha aad of tha bioassay. Focal hyparplaaia was of tha
eosinophilic type and-HAS only observed ia PCB-treated animals. Xf
compression was found oa two sidas of tha neoplasm, Ward diagnosed
tha lesioa as hapatocallular adenoma. A total of 13 eosinophilic,
basophilic or vacuolated adenomas ware identified. All of these
occurred, with one exception, ia those animals fed tha two higher
dietary levels of Aroclor 1254 aad the occurrence of adenomas was
slightly greater in the male animals (8/13). Similar to the
findings of the NCI (1979) report, only two liver carcinomas were
identified, both occurred ia male animals receiving tha 100 ppm
diet. Ward (1985) also reported that Aroclor 1254 iacreased the
incidence of intestinal metaplasia aad gastric adenocarcinoma. As
in his earlier report with Morgan and Hartman (Morgan at al.,1981),
the change ia adenooaroiaoma was aaithar aigaificaat nor
dosu-rtlated. A significant increase in intestinal metaplasia was
only observed ia the 100 ppsi dose group. Thus, the Ward (1985)
study is still consistent with tha previous NCX (1979) bioassay.
Ho statistically significant increase in liver cancer or cancer of
other tissues was observed, but the 100 ppm dose does lead to
significant intestinal metaplasia. Ward mentions the fact that the
liver lesions ha observed were predominantly of the eosinophilic
type rather than tha basophilie type generally observed in the
control animals. Based on these changes Ward proposes the idea that
these data may suggest that PCBs are capable of initiating liver
tumors rather than promoting tha background tumor incidence. Yet,
in contradiction of his suggestion, Ward also makes note of the
fact that Inducing agents like PCBs -aad phenobarbital cause a
proliferation of the smooth endoplasmic reticulum (SEK) of the
liver. As a proliferation of tha SER gives rise to an eosinophilic
appearance of the cytoplasm, the liver hypertrophy and induction of
microsomal enzymes associated with PCS exposure provides an obvious
explanation for the basophilic to eosinophilic change Ward noted in



'the cellular appearance of the liver tumors of PCB-treated animals.

* Schaeffer et al. (1984) used a total of 432 weanling fristar
rats to examine the effects produced by chronically feeding rate
Clophaji A60 (equivalent to Aroclor 1260) or Clophtn A30 (similar in
ooflpoaition to Aroclor 1242) Brinkaan mad DeKok, 1980). The atudy
oonaKated of three groups. Group 1, a control group of 139 animals
receiving the normal diet, Group 2 with 152 animals receiving a
diet containing 100 ppm of Clophen A30r and Group 3 which consisted
of 141 animals fad a diat containing 100 ppm of Clophan A60.
lifter day 801 animals were randomly selected and killed, and the
experiment was terminated on day 832. The Clophens used in this
study ware reported to be free of any chlorinated dibenzofuran
contamination, but the level of detection for this analysis was not
specified. In those animals nacropsied prior to day 800,
hapatocellular carcinomas ware only identified in the PCB treatment
groups, one in Group 2 and a total of 9 were observed in Group 3.
This latter number was statistically significant for the Clophen
A60 treatment, but represented a liver cancer incidence of only 7%
for the entire group. In contrast, the incidence of thymoma was
significantly reduced by PCB treatment declining from 12% in the
control group to 3-4% in the treatment groups. Likewise the total
number of the remaining types of neoplasms was significantly
reduced by the PCB treatment, with Clophen A60 causing the—greatest
reduction (from 52 in controls down to 18 in the Clophen A60
jroup). The final results of this study are shown below in Table

kiKii <2. The incidence of hepatocellular carcinoma was significantly
increased only in those animals receiving the Clophen A60. Thus,
the results of this study were consistent with the previous rat
studies, i.e. Aroclor 1260, or its equivalent, was reported to have
induced hepatocellular carcinoma in rats while a lesser chlorinated
PCB mixture was not carcinogenic.

Table 2

frequency of Hepatocellular Alterations Induced by Chronic
reeding Studies with Clophen A30 and Clophen A60

t of Peel. K^onliigEie Modules HgnatocelluT ar- rureinoma

Controls 6/131 5/131 1/131
(group 1) (4.5%) (3.8%) (0.8%)

Clophen A30 63/130* 38/130* 4/130
(group 2) . (48%) (29%) (3%)

Clophen A60 3/126 63/126* 61/126*
(group 3) (2.4%) (50%) (48%)

•"denotes a significant difference from the control value (P<0.05)



In a Ittttr to the editor. Young (1985) comments on several
additional, interesting and important aspects of the Schaeffar et
ai.' (1984) study that were not noted by the authors of this paper.
Young** analysis of this data focused on the effects of FCB
exposure on tumor incidence in liver, on tumor incidence in
extra-hepatic tissues, and on mortality. The tables generated by
Young (1985) are provided below in Table 3.

Table 3

The Incidence of Bepatocellular Carcinoma, Other
Neoplastic Lesions, and Mortality by Time Period

Group
Control

Time Interval
(days)

Clophen A30 Clophen A60

A. Hepatocellular carcinoma

301-400
401-700
701-600

Other Neopla

301-400
401-700
701-800

0/137
0/in
0/92

0/137
32/111
30/92

0/150
0/122
1/107

1/150
11/122*
15/107*

C. Incidence and Percentage(%) of Mortality

0/135
0/115
9/85*

2/150
9/115*
7/85*

101-400
401-700
701-800

1-HOO

2/139 (1.4%)
45/137(32.8%)
39/92 (42.4%)
86/139(61.9%)

2/152 (1.3%)
43/150(28.7%)
20/107(18.7%)
65/152(42.8%)

3/141(2.1%)
23/138(16.7%)
30/85 (35.3%)
56/141(39.7%)*

* Different from control value (P<0.05),X

Young points out that the Schaeffer et al. (1984) study actually
demonstrated three things. These are : 1) that a significant
increase in hepatocellular carcinoma occurred only in the animals
receiving Clophen A60, 2) that PCS treatment resulted in a
significant decrease in other neoplastic lesions, and 3) that PCS
treatment significantly increased the chances of survival of the
animals. Given these findings, Young states that it is difficult
to conclude, given the balance of the data, whether or not the PCS
treatment was in fact detrimental' to the rats in light of the fact
that the PCB treatment significantly enhanced the rate of survival
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and significantly decreased the total ttunor load of the exposed
rats. . Za essence, he question* the human relevance of tuaors which
occur' only very late ia the life of the animal, are not
life-shortening aad do not metastasize to other organs of the body.
ThuSjr to quota Young :

mlf the purpose of long-tern studies is to extrapolate to
humans, then one finds it difficult to infer dire
consequences to humans when the treatment is beneficial
ia the model system. Is the model oaly useful for
inferring bad events? The model should be equally valid
for detrimental and beneficial effects."

Lastly, the analysis of Young «l«o calls to question a suggestion
made by Schaeffer et al. (1984), which was that the decrease in the
incidence of thymoma might be caused by immunosuppressive effects
of FCBs. While PCBs cause thymic atrophy at certain doses, any
proposed immunosuppressive effect cannot be considered to have a
significant clinical impact when the treated animals did not
ultimately suffer a greater incidence of morbidity or mortality
from either infectious diseases or the cancer induced by this
treatment.

Jfte last major rat —sfrady- -raported. -is -that of. Itorbaek and
Weltman (1985). These investigators fed 70 male aad 70 female
Sprague-Dawley rats a diet containing 100 ppm Aroclor 1260 for 16
months followed by a reduction to 50 ppm for the next 8 months.
The animals were then fed a control diet for the remaining 5 months
of their lives. XI1 results were compared to a control group which
initially consisted of 126 animals, 63 of either sex. At various
time points throughout this study two control animals of each sex
and three PCB-treated animals of each sex (10 animals in total)
were anesthetized with ether and the medial left lobe of the liver
of each animal was surgically removed. These tissue samples were
taken at 1, 3, 6, 9, 12, 15, and 18 months. At 24 months a similar
group was killed and at the end of 29 months all remaining animals
were sacrificed. The induction of liver hypertrophy ia the
cent:rilobular area of the lobule was evident at. the first
observation period made one month after the PCS diet was initiated.
By the 18th month the liver:body weight ratio had increased from 4%
to 1.2% in the female animals. Macroscopically these investigators
noted evidence characteristic of neoplastic nodules near the
capimlar surface, hepatocellular carcinomas and adenofibrosis. In
the PCB-exposed group, the observed lesions appeared in the
following sequence : centrilobular hypertrophy at 1 month, foci of
cells appeared at 3 months, foci of altered cells in the
centrilobular and midzonal regions at 6-9 months, neoplastic
nodules appeared at 12 months, trabecular carcinoma was observed
after 15 months and adenocarcinema - at 24 months. Simple cystic
cholangioma and adenofibrosis appeared in animals 18-23 months
after the exposure began. There was no evidence of metastases to
the lungs. All trabecular carcinomas had cell arrangements with a
glandular, ductal or cystic pattern and all adenocarcinomas had
some elements of the trabecular pattern of growth. The lumens of



.,,,.h« adanocarcincaaa were the apparent result of cellular necrosis.

The- incidence of tumors -la animals 18 months or older' are
presented below in Table 4. It should be noted that 7-8 animals

Table 4

Incidence of lepatocellular Neopli

Incidence or % Tumors Observed
of

Male Female Total

.v. Control Animala

TrsJrocular carcinoma
Ade-no carcinoma
Number negative

B. Areelor 12CO Animals

0%(0/32)
01(0/32)

100%(32/32)

(H-46)t

01(0/49)
01(0/49)

96% (48/49)

(B-47)ft

01-81)

Ot(0/81) •
01(0/81)

99%(80/81)

ON93)

XlH

Trabecular carcinoma
Adeno car cinema •
Neopl as tic nodule only
Number negative '.

4% (2/46)
0%(0/46)
11% (5/46)
85% (39/46)

40% (19/47)
51% (24/47)
4% (2/47)
4% (2/47)

23% (21/93)
26% (24/93)
8%( 7/93)
44%(41/93)

V '."&• total Duab«z includaa 8 aniaala that had received • partial b*pat*eteny
during th« first II
tt Th* total nuab«r includes 7 aniaal* that had r*e«iv«d a partial h«pat*etoay
during th« first II aenths.
* Ao.imals with both trabeeolar carcinoaa and adsnoeareinona f«r« placed ealy
in th* ad*nocarcino*a group.

sacrificed after 18 month*, i.e. at least 15% of the group of
anir&als in which late developing tumors were observed, had

-' ---r.e a partial hepatectomy during the first 18 months. The
; -- of chis cannot be determined from this experiment, but

rArt;i«l hepatectomy has been used as a promotional stimulus to
increase the incidence of liver tumors induced by other
carcinogens. Therefore, it is unfortunate that the authors did not
note or describe the possible influence that this might have had on
the final tumor incidence measured. Another important factor to
consider, and one which is not readily apparent from Table 4, is
that almost all of the tumors reported in this study were very
Late-developing tumors. In Table 1 of their paper, only 4
trabecular carcinomas and only 2 adenocarcinomas had developed
between the 18- and 24-month sacrifices. Thus, 35/41 or some 85% of
the liver tumors observed-in this study developed in the last 25-29
iftocth period of the study. These tumors had not metastasized to
other organs, and none appear to have been life-shortening.
oncerning this last aspect, unfortunately no information is given

...••concerning the cause of death for any animals dying early, or
concerning the number of animals lost. But from the data supplied
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t would appear that a number of early deaths occurred only in the
•"•group of atale control animal*. These sane observation* were also
noted by the authors, who stated in the discussion of thi* paper :

m Although the tumors net the morphological criteria for
Mlignancy, their biologic behavior was relatively
unaggressive. The neoplasm* did not metastasize to
distant organ* nor invade blood ve**el*. Mortality of the
animals was not increased. The lack of greater morbidity

' or mortality is likely due to alow progression of the
neoplastic process and late appearance and alow growth of
the hepatocellular carcinoma."

The authors further noted that it remains to be established whether
PCD* have an initiating effect or whether the neoplasms observed
result from the promotion of a background incidence of initiated
cells.

1.3 Studies In Other Species

Calandra (1976) reported, in summary form, a earcinogenicity
bloasaay performed in dogs. Groups containing 4 male and 4 female
dogs wisre fed 1, 10 or 100 ppm of Xroclors 1242, 1254 or 1260 for
two years. While this exposure interval is fox. a, period of time
that is considerably less than the lifetime of the species being
tested, no remarkable findings were reported.

'*!»'1.41 Ttta effects of PCSs on Other Liver Carcinogens

PCBs have been tested in numerous studies to determine whether
they alter the earcinogenicity of other chemicals. The evidence
obtained from such studies is sometimes inconclusive, and in
several instances similar studies have produced conflicting
result». The results of have been summarized in the following
paragraphs and in table 5 located on page 13 :

• A number of studies indicate that PCBs administered
after a carcinogenic dose of a liver carcinogen enhance
th<i incidence of tumors. Nishizumi (1976) found that
Kanechlor 500 promotes liver tumors initiated by
diikthylnitrosamine. Kimura et al. (1976) demonstrated
that Kanechlor 400 can promote the liver cancer induced
by 3f-methyl-4-dimethylaminoazobenzene (MeDAB). ito et
al. (1978) init iated liver tumors wi th
N-tt-fluorenylacetamide and then increased tumor incidence
by feeding the rats diets containing 1,000 ppm of PCBs.
Proston et al. (1981) have reported that Aroclor 1254
with or without polychlorodibenrtrfuran -contaminants can
promote the liver cancer initisted by diethylnitrosamine.
Osterle and Demi (1984) demonstrated that this effect can
be produced in weanling rats, although the immature
animal is less sensitive. Demi et al. (1983) have also
found that an initial PCB pretreatment to increase
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oxidative metabolism, followed later by PCB
administration for its-promotional effacts, increased the
number of rat liver preneoplastic islands. Similarly,
•̂reira et »!., (1902) demonstrated that Aroclor 1254
promoted the number of diethylaitrosamine-induced
ênzyme-altered foci in rat livers. Recent work by Demi
and Oesterle (190?) has shown that while PCBs are capable
of promoting the liver tumors initiated by
diethylnitrosamine, the threshold for this effect is
about 1 mg/kg/day and correlates strongly to the
induction of MFO activity and subsequent liver
hypertrophy that the induction of drug metabolism
normally produces (Greim et al., 1915).

• Za contrast to the above studies, Cans and Pitauro
(1986) reported Aroclor 1254 increased the incidence of
liver scarring in mice fed diethylnitrosamine/ but PCB
treatment did not enhance the formation of liver nodules.
Arai et al. (1983) also reported that PCBs administered
to rats following an initial exposure to
dimethylnitrosamine increased the incidence of liver
tumors t however, this same dosage regimen decreased the
incidence of kidney tumors produced by DEM.

IM./ • Conflicting results have been reported in trout
""" where the effect of PCBs is dependent upon the time of

PCB administration as well as the carcinogen it is
administered with. For example, HendricJcs et al. (1980)
found that PCBs did not promote the incidence of liver
tumors induced by aflatoxin Bt in trout, even though the
trout wexe fed a diet containing PCBs for 12 months after
the aflatoxin BA expoaure. However, other studies by
She It on et al. (l9B4a) have demonstrated that PCBs exert
an inhibitory effect on the incidence of liver tumors
initiated by aflatoxin Bl when PCBs are co-administered
with this liver carcinogen. Alternatively, trout fed
diets containing 1100 ppm diethylnitrosamine + 100 ppm of
either Aroclor 1242 or Aroclor 1254 had a greater
incidence of liver cancer than did trout fed diets that
only contained 1100 ppm DEM (Shelton et al., 1984b) .

• Loury and Byard (1983) observed that Aroclor 1254
enhanced the DMA repair response of amino acid pyrolysate
mutagens in primary hepatocyte culture when the PCBs were
given three days prior to cell isolation. Thus, it
appears that these effects are related to a PCB
enhancement of oxidative metabolism. In contrast, Mesnow
et al. (1981) found that Aroclor 1254 did not enhance the
benzo(a)pyrene-mediated transformation of C310T1/2CL8
mouse embryo fibroblasts even though a number of other
chemicals known to induce drug metabolism were positive
in this test.

• PCB exposure in m-ero and during nursing protected
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Wiatar rats and CD-I nice from diethylnitrosamine-induced
liver tuaors—tWishisumi,-1980, Anderson tt al., 1983).
Likewise Klaura «t al. (1976) found that PCBs given
before or during MeOAB exposure decreased the incidence
of MeOAB-induced liver cancer. Similarly, Makiura et al.
(1974) have shown that the co-administration of PCBs with
th« liver carcinogens MeDAB, N-2-fluorenylacetamide and
diethylnitrosamine decreases tumor incidence. Trout fed
di«tts containing PCBs prior to their exposure to
aflatoxin had a reduced frequency of liver tumors induced
by the aflatoxin (Hendricks et al. 1977). This effect
is perhaps explained by Stott and Sinnhuber (1978) who
demonstrated that PCBs reduced the bioactivating ability
of trout microsomal fractions used to test the
mutagenicity of aflatoxin B^.

* In dermal initiation-promotion assays PCBs have been
found to diminish the initiating activity of certain skin
carcinogens and to be devoid of any promoting activity
(DiGiovanni et al., 1977; Berry et al., 1978). Similarly
Hayes et al. (1985) examined the effects of PCBs on the
proliferating hepatocytes in livers of young animals or
adult animals after partial hepatectomy. They concluded
that short-term PCB exposures do not have an initiating
action in an in vivo assay that detects 'both hepatic and
extra-hepatic initiating carcinogens.

• In contrast to its reportedly adverse effects on the
immune system, Kerklivet and Kimeldorf (1977a&b)
demonstrated that PCBs administered either in the diet or
by injection reduced the size of Walker 256
carcinosarcomas transplanted to rats and increased the
lifespan of the PCB-treated animals.

Table 5

Summary of PCL Interactions With Other Carcinogens

Study Carcinoma Results

A, PCBs Administered AftPr tl<-»

Nishixomi diethylnitrosamine promotion (liver tumors)
(1976)

Kimura et al., Me-DAB promotion (liver tumors)
(1976)

,,...*to et al., N-2-fluorenylacet amide promotion (liver tumors)
(1978)
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Hendricks et al., aflatoxin Bl
. (1980)

Preston et al., diethylnitrosamine

diethylnitrosamine

benzo(a)pyrene

dimethylnitrosamine

diethylnitrosamine

diethylnitrosamine

Pereira et al.,
(1982)

Demi et al.,
(1983)

Arai et al.,
(1983)

Cans & Pitauro,
(1986)

Demi, fi Oesterle,
(1987)

no effect

promotion (liver tumors)

promotion (liver tumors)

promotion (liver tumors)

promotion (liver tumors)
inhibition (kidney tumors)

liver scarring
no effect (liver nodules)

promotion (liver tumors)
threshold dose (1 mg/kg/day)

B. PCBs Administered Before or With tha Carcinogen ;

Makiura et al., Me-DAB less liver tumors
(1974) N-2-fluorenylacetamide less liver tumors

Kinura et al.,
CL976)

diethylnitrosamine

Me-DAB

Hendricks et al., aflatoxin Bl
(1977)

Nishizumi
(1980)

diethylnitrosamine

Anderson et al., diethylnitrosamine
(1983

She.Lton et al., aflatoxin Bl
(1984a)

Shelton et al., dimethylnitrosamine
(1984b)

less liver tumors

less liver tumors

less liver tumors

less liver tumors

less liver and lung tumors

less liver tumors

promotion

Me-DAB - 3'-methyl-4-diinethylaminoazobenzene

It is concluded from these studies that the liver hypertrophy
induced by PCBs can and does enhance the carcinogenic response of
initiating hepatocarcinogens if the PCBs are given some time after
the liver cells have been initiated by the other chemical.
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.t ,'«ver, this effect haa also been demonstrated for phenobarbital
Wad la no doubt also true fox moat other liver enzyme inducing
chenicaU that product a hypertrophy or fcyperplasia of the liver.
Additionally, recant work by D««l and Oesterle (1M7) haa shown
that: thf promotional effects of PCBa haa a threshold/ as ona might
expect r* «nd thia threshold appeara to be wall above the dose
commonly encountered by moat peraona. In contrast to its
promotional effecta on liver carcinogens known to be initiators,
PCBJi alao act aa anticarcinogena when administered prior to the
exposure of an initiating carcinogen. This effect is most probably
the result of PCB induction of liver metabolism which then acts to
decrease the carcinogenic effects of a number of chemicals by
increasing their degradation and elimination.

2.0 Ipidemiological Studies of PCB exposure and Cancer
Mortality

Published epidemiological studies addressing the carcinogenic
potential of PCBs have been confined to two cohorts, both
consisting of employees of plants where PCBs were used in the
manufacture of capacitors.[Note : Bahn at al. (1976), in a letter
to the editor, reported an analysis of eight deaths among 92
research and development workers at a refinery, and suggested an
-^sociation between PCB exposure and incidence of malignant

lanoraa. The extremely limited size of their cohort, the inability
I'liuiur adequately assess exposure of the cohort to other, potentially
carcinogenic substances or other known risk factors, and the
inconsistency of their observations with the results from the two
larger cohorts, precludes any utility of this report in the
assessment of the human carcinogenicity of PCBs.]

Brown and Jones (1981) have published a retrospective cohort
mortality study of employees from two plants. Minimal exposure
period to PCBs was three months, and the types of PCBs used were
Aroclors 1016, 1242, and 1254. Workers who had potential exposure
to trichloroethylene, which was also used in both plants, were
excluded from the cohort. Of the 2567 employee cohort, 163 were
known to be deceased and the vital status of 55 (2%) was unknown.

Higher-than-expected incidences of cancer in the rectum
(primarily among females in Plant #2) and liver were noted,
although the differences were not statistically significant. The
overall incidence of malignancies observed was slightly less than
expected. Hone of the causes of death showed a clear association
with latency, and no relationship was observed between the duration
of employment in jobs involving PCB exposure and risk of mortality
due to cancer. The causes of mortality and incidences of specific
malignant neoplasms are summarized in Table 6.

...„., Th<» study of mortality in this cohort has recently been
updated, with the number of deceased increasing from 163 to 295
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(Brown, unpublished data). There were no additional deaths froa
cancer of the rectum which brought•the observed ineidanea of this
form of neoplasm eloaar to tha axpaetad valua. They number of
.observed Milignaneiaa of tha liver waa significantly greater than
expected. However, a number of thasa malignant neoplasaa (3/5)
,appear to have been the rasult of metastasis froa othar sitas.
Thus, like tha ractal cancar tha standard mortality rata (SHR) for
liver cancar originating in tha liver has baan substantially
lowered by this largar cohort. A higher-than-expected ineidanea of
naoplasas was not notad for any othar tissua. Tha ovarall incidence
of aalignaneias obsarvad waa lass than axpaetad. There was no
apparent relationship batwaan duration of employment in
•PCB-exposed" jobs or total employment and cancer mortality of any
type.

Table C

Major Causes of Death for Plant Workers
Ixposed to Xroclor 1016, 1242, and 1234

Causes of Death Observed/Expected
Standard
Mortality
Rate

All of Mortality

All malignant neoplasms
Diseases of nervous system
Diseases of circulatory system
Accidents
All other causes
Total mortality for all causes

Cancer of stomach
Intestine
Rectum
Liver
Pancreas
Respiratory
Breast
Lymphatic
Other

39/43.79 (89)
11/12.55 (88)
60/62.93 (95)
13/18.29 (71)
40/44.79 (80)
163/182.35 (89)

Malignant Neonlasma
1/1.66
4/4.03
4/1.19
3/1.07
1/1.90
7/7.98
7/6.84
2/4.34
10/14.78

(60)
(99)
(336)
(280)
(53)
(88)
(102)
(46)
(68)

Source: Brown and Jones (1981)

The first study of the second major cohort was reported by
Bertarzi et al. in 1981. Inclusion in the cohort was limited to
workers in the production department who had been employed for at
least six months. There were a total of 1310 workers included in
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the study, and exposure was primarily to Aroclor 1254 and Pyralene
476. While some members of tha cohort were also exposed to
richloroethylene, alkylbenzene, *ad-apoxy resins, tha number was

"stated to b« few. A total of 27 deaths war* observed la tha cohort
batvaan 1954 and 197 B. Tha overall incidence of cancer observed
was significantly higher than expected (14 versus 5. 65 expected),
contributed primarily by elevated (though not statistically
significant) incidancas of naoplasms of tha digastiva organs and

and hanatopoiatic systams.

Bartaxxi at al. (1986) hava racantly published an updata of
th«iir study of PCB-axposad capacitor workars with a modified
cohort . Non-production workers at tha plant ware added to the
cohort i and the minimum period of employment was reduced from six
months to one week. The size of the cohort was consequently
increaned to 2100, and the number of deceased to 64. The results
from male and female workers ware analyzed separately, and are
summarized below in Tables 7 and 8.

Table 7

Mortality Trom Selected Causes of
Male Workers exposed to PCB

Cohere

Cauae of death Observed Expected SMR Expected SMR

All causes

Malignant tumors

Cancer of 6

I*ra<7 canc«r

BeeMtologic

V«e» fCkL O^F ta 9 **u

Acre! dents

Confidanc*

.1. tract

neoplasms

lar disease

lijaits (95%)

30

14

«

3

3

8

bl

27

5.

1.

1.

0.

7.

t.

144-415
104-300

.8

5

7

2

8

9

8

108

253*

34<e

250

375

101

88

c- 141-721
*- 112-572

29

7

2

1

1

9

5

.8

.6

.2

.€

.1

.4

.8

101

183b

27 4d

187

263

95

103

For males, mortality from cancer was significantly greater
than expected (14 versus 5.5 expected). Among specific tissues, the
o>*«<«rved incidence of neoplasms of tha GI tract was significantly

\«r than expected, and hematologic neoplasms were also greater
1 •««•••
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than expected but,not statistically significant. Overall mortality
was only slightly greater than expected. Among fameles,
high«r-than-expected incidences of overall mortality/ mortality
from cancer, and incidanca of hamatotogic neoplasms wara observed.
These differences wara of statistical significance whan tha cohort
was compared 'to local mortality rate* but not national mortality
ratan. While neoplasms were grouped by organ-system for
statistical analysis, specific tumor sites were noted. Among both
male and female members of the cohort, there was one case of liver
cancer and no cases of rectal cancer. There was no apparent
association between duration of exposure, latency, and year of
first exposure for any of the causes of mortality.

Table •

Mortality From Selected Causes of
Temale Workers exposed to PCB

Mortalit ^« <m«f«»« t,ag«l Morr

Cause of death Observed Ixp*et*d SMK Kxp«eted SMR

A.L1 eatu«s

«iN>'kjtlignant tumor*

Hitmatologic n«opl»sma

Cardiovaaeular disease

Accidents

34

12

4

2

9

25. S

7.7

1.5

4.7

4.0

132

156

266

42

225

1C. 5

5.3

1.1

3.0

4.0

206*

22 6b

377C

66

225

Confid«ac* llnits (951) *» 145-285 c- 115-877
b- 123-3S5

From Bartazti et al., 1916

3.0 Other Relevant Human Data

3.1 Health Effects Information from Accidental Ingestion

In 1968, the ingestion of PCB-contaminatcd rice oil in Japan
resulted in an outbreak of chloracne and other symptoms which were
later termed "Yusho". A similar large-scale incident of ingestion
of contaminated rice oil occurred approximately ten years later in
T.iiwaua with similar symptoms. Th- most common symptoms observed in
rice oil poisoning victims inc--ded increased discharge from the
eyes, swelling of the eyelids, accompanying visual disturbances,
fat igue and malaise, headache, and symptoms suggestive of

....^peripheral neuropathies (numbness of the limbs and pruritis)
(Higuchi, 1976; Okuara, 1984; Lu and Wong, 1984). Other notable
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"sympto»ia reported included acneform lesions and hyperpigmentation.
The Incidence of hyperpigmeDtatlon was high 19/10) among offspring
bora tô mothers pregnant daring ingest ion of the contaminated riea
oil (Biguchi, 1976). This hyperpigmantation gradually fadad over
tha 2-9. Months aftar birth. Developmental tooth and bona dafacts
were noted among soma of tha offspring (a.g. aruption of teeth at
birth, larger-than-usual frontal and occipital fontanelles, and
maintenance of a widar sagittal sutura than usual). Bowever,
postnatal physical and mantal davalopmant of infants born to
contaminated rica oil-exposed mothers paralleled that of healthy
infants (Biguchi, 1976).

While it was originally assumed that the rice oil was
contaminated with only PCBs (Kanechlor 400), subsequent analysis
revealed that there was also extensive contamination with
polychlorodibenzofurans (PCDFs) and polychlorinated quaterphenyls
CPCQs). Studies in animals have clearly indicated that PCDFs are
more toxic than PCBs, and a number of lines of evidence support the
contention that the adverse health effects suffered by the rice oil
poisoning victims were a result of PCDF rather than PCS exposure.
First, the concentrations of PCBs measured in patients with
symptoms of Yusho were substantially lower than those observed in a
number of studies of healthy, occupationally-exposed workers
(Kunita et'al, 1984y-Masuda~ at al, ~l9frS1 . "The—occupational studies
'we also shown workers to have undetectabla or
.nimally-detectable concentrations of PCDFs (Kashimoto at al,

111 iiiU^SS), while rice oil victims in Japan and Taiwan had significant
concentrations of PCDFs, including a number of extremely toxic
isomers. These human observations are supported by a study in which
monkeys ware fad PCBs with levels of PCDF and PCQ contamination
similar to that of the Yusho oils (Kunita at al, 1984) . Monkeys fed
this diet developed dermatologic symptoms resembling those seen in
patients vith'Yusho. Monkeys fad PCBs without PCDF/PCQ
contamination, or fed PCQs alone, did not develop dermatologic
lesions. Collectively these observations have led to the conclusion
that the symptoms experienced by the rice oil poisoning victims
were the result of PCDF rather than PCB exposure (Kuratsune, 1980;
Kashimoto et al, 1981; Drill at al, 1982; Masuda et al, 1982;
Masuda and Yoshimura, 1984; Chen et al, 1984; Kunita et al, 1985;
Hiyata et al, 1985, and Bandiera et al, 1984) .

3.2 Health Effects Information from environmental exposure

A number of studies have attempted to measure health effects
from environmental exposure to PCBs. The most common source of
environmental exposure in these studies was the consumption of Lake
Michigan fish (e.g. Humphrey, 1980; Fein et al, 1984; Kreiss et al,
1981; Smith, 1983), -although tha results from other sources of
environmental exposure have also been studied (e.g. Baker et al,
1980) . Tha results from these studies have generally been negative,
'nterpretation of the meaning of tha few positive observations has

. llTO,.,i>een hampered by either the absence of a control population matched
for known risk factors for the parameter studied, a strong positive
correlation between PCB body burden and the body burden of other
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halogenated organic*, or the inability to demonstrate increased PCB
body burden in the "exposed" population compared with background
*bc4y burden* la "non-exposed* controls. The absence of these
apparent adverse effects in studies of workers with much higher PCB
exposures (see below) casts further doubt on the significance of
these findings.

3.3 Health Effects Information from Occupational Exposure •

With few exceptions, individuals with the largest and longest
exposure to PCBs are found in the occupational setting. For this
reason, the study of occupational exposure to PCBs is probably the
bust source of information regarding their health effects in
humans.

A population of 326 workers employed at two capacitor
manufacturing plants had been the most studied, and a number of
reports concerning their health have appeared in the literature.
Though this population had been exposed to Aroclor 1016 during the
most recent two year period prior to the initial study (and to a
lesser extent to Aroclor 1221), the long-term exposure was
primarily to Arodors 1242 and 1254 (Fischbein et al, 1979) .
Duration of exposure to PCBs was substantial, as 40% of the workers
had been employed for 20 years or longer. Air levels of PCBs varied
widely throughout the plants, ranging from 0.007 mg/m3 to 11.0
mg/m3 (Fischbein et al, 1982) . Wolff et al (1962) analyzed 290
plasma samples and 61 adipose tissue samples from these workers and
found plasma concentrations of lesser chlorinated PCBs ranging from
6-2350 ppb, plasma concentrations of higher chlorinated PCBs
ranging from 0-546 ppb, adipose levels of lesser chlorinated PCBs
of 0.6-414 ppm, and adipose levels of higher chlorinated PCBs from
1-165 ppa. Approximately half of the population had a history of
dermatologic symptoms, rash being the most common. A history of
non-adolescent acne, a symptom considered characteristic of PCB
exposure, was reported by 12% of the workers (Fischbein et al,
1982). Edeaa of the upper eyelid, eye discharge, and enlargement of
the Meibomian glands, common symptoms among patients with Yusho,
vere each found in 7% or less of the occupationally-exposed workers
(Fischbein et al, 1985). Warshaw et al (1979) studied respiratory
function in 243 of the workers and found that 14% had abnormal
forced vital capacity. From an extensive examination of clinical
chemistry parameters i: the PCB-exposed worker population,
Fischbein et al (1979) concluded :

'•- there was a paucity of abnormal results in the biochemical
.studies. Similar findings were noted in the results of the
nematolog-ic tests _ ".

Other occupationally-exposed populations have also been
studied, and have been included in a recent review by Gaffey (1983)
of the human health effects of PCBs. Gaffey, in surveying the human
PCB literature, classified health effect observations into five
categories: dermatologic findings, liver function, fat metabolism,
blood and blood pressure, and symptoms,illnesses, and other
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iditioas. Which respect to each of these categories, the
ilowlag observation* and -conclusion* were noted:

"f . • » _7

B«yMfr illogical »*fagEai Of 11 Studies of PCB-eXpOSed
woi[k*ra which reported dermatologic findings , denial
aydiptoas were noted in all 11. Correlation of dermal
sysptou with blood PCB concentrations were generally poor
or non-existent. However, collectively the evidence
strongly suggests that chloracne nay occur when PCB blood
levels exceed 150-200 Jig/ml.
Liv«r function* Some abnormality in liver function
indicated by a change in one or more relevant clinical
chemistry parameters, was observed in five of seven
studies of occupational exposure to PCBs. [Though not
mentioned by Gaffey, it should be noted that while
differences in some parameters indicative of liver
function were observed to be statistically significant in
some of these studies, these differences were uniformly
quite small. Further, with chemical-induced hepatotoxicity
onn would expect to find a consistent pattern of
abnormalities among overlapping indices of liver function.
Mo such consistent pattern was observed.] In no case was
th« abnormality associated with any measurable adverse
health effect. The remaining- two studies f«und no
evidence of liver abnormalities. A ninth study found
evidence of induction of drug metabolism among PCB-exposed
workers (Alvares et al, 1977) .

lam; There appears to be a correlation between
serum triglycerides and PCB exposure in most studies.
Results concerning cholesterol are equivocal, with one
study showing an increase, one a decrease, and three no
change. Conflicting results have also been observed with
HDL-cholesterol. Changes in fat metabolism produced by
PCBs, if they exist, do not appear to be of clinical
significance.

Blood and blood prt>gauT-a ; None of the five studies which
examined blood chemistry noted abnormalities associated
with PCB exposure. One study of PCB-exposed workers
measured blood pressure, but found no association with
PCBs .

Symptoms. illn»aa. and oEhgr eondi \ iona ; Five Studies
report a variety of symptoms among PCB-exposed workers.
Most of these symptoms appear to be unrelated to PCB
exposure. None of the reports have found significant
clinical effects to be associated with PCB exposure.

3.4 Summary of Non-cancer Human Health effects of PCBs:

PCBs appear to be of low potency in producing adverse human
•••uealth effects. Among workers with demonstrated high body burdens
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of PCBs, the only consistently demonstrated clinical finding is
dermatological abnormalities. Though one study has found evidence
for hepatic anzyme induction la Human*, there i» no compelling
evidence for PCB-induced liver injury despite relatively high
levels of exposure. A number of subjective, and objective symptoms
B|ve baan reported for workers exposed to PCBs, and a variety of
rach symptoms would be expected in examining any population. Tha
appearance of symptoms usually doas not eorralata with PCB levels
a* exposures, and no symptom or symptom typa (othar than dermal) is
prominent whan tha stndias ara considarad collectively. Exposura to
IPCSs highly contaminated with PCDFs may laad to significant
fymptomology, but these affects appear to be due to tha more toxic
1?CDF«.

4.0 6ZBOTOX2C DTXCTS OT »CB8

4.1 Bacterial Hutagaaicity Studies

Wyndhaa and co-workers (1976) were probably tha first to test
several chlorinated biphenyl mixtures in a bacterial test system.
In this study tha TA1538 mutant strain of 5. typhiaurlum developed
by Ames was used as tha taster strain of bacteria, and rabbit liver
microsones ware apparently addad to-metabolite tha PCBs. Contrary
to tha authors' report that PCBs were weakly mutaganic under study
conditions, a review of their data indicates that only
4-chlorobiphenyl and Aroclor 1221 demonstrated significant
activity. Interestingly, Aroclor 1221, which has a chlorine
content of 1.15 chlorine atoms per molecule and is therefore
largely a monochlorobiphenyl mixture, was considerably less active
than 4-chlorobiphenyl. A review of the actual results provided in
the report indicate that neither 2,2',5,5'-tetrachlorobiphenyl or
Aroclor 1268 ara mutaganic.

Subsequant attempts to demonstrate that PCBs might cause
mutations in bacterial test systems have failed. Zn an affadavit
from Dr. Safe, senior author of the Wyndhaa et al (1976) article,
ha indicates, based on his own inability to reproduce these
findings, that 4-chlorobiphenyl should not be considered mutaganic.
Additional assays by other scientists also discount any suggestion
that PCBs or monochlorobiphanyls are mutagenic in bacterial
systems. Reddle and Bruce (1977; Bruce and Haddle, 1979) tested a
number of different chemicals in tha TA1535, TA1537, TA98, and
TMOO strains of 5. typalmirium , both with and without an S-9 mix
to provide metabolism and possible activation of tha compounds
t«sted. Aroclor 1254 was not mutagenic in this study. Similarly
MoMahon et al. (1979) reported results after screening a large
number of compounds in a testing scheme incorporating several
auxotrophs of 5. cypnimurlum and £. coll . The only chlorinated
biphenyl tested was 4-chlorobiphenyl, but it was found to be
negative, i.e. it was not mutagenic, in all 10 tester strains.
Bused on these studies and other reports in the literature
(Scboeny et al., 1979; Rinfcus and Lagator, 1979; EPA, 1980;
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TABLE t ..

of Mierobial Mntagenlcity Test JUralts
f

T«t* StVptaufam LCD!
Strain _

CMTt 03052 Q4f TMI TA100 TA1000 TAtSM TA1S38 TA1S37 TA1SM WP2 \MP2iMi

Aioetor
USII

12S4

KjvMcMor - - - Itag. ftag.
500

- - - Hhg.

11 ' ..........

Andv
1221

Source:; Lcvinskas (1981)
* Ba«ecl on re-«v»luation of Wyndham «t »1.(1975) by Dr. Safe.

LovinsV:a», 1981), all of which have been summarized in Table 9, it
in concluded that PCB« are not mutagenic in bacterial test systems.

4.2 Cla»tog*nie/Chroao*omal Studies

Several t«st syrteiu designed to measure chromosomal damage
have bs«n used to teat the potential geaotoxicity of PCBs. The
only hiuaaa cell line tasted were human lymphocytes in the study of
Hoopingarner «t al. (1972). The test system used phytohemagglutin
stdjauluted cells which were treated with 100 ppm Aroclor 1254 for
the first 24 hours f then again during the last eight hours of the S
and 62 stages of the cell cycle and daring the three hours .of
Titos i«. Cyto logical examinations of the cells during these stages
' the cell cycle failed to reveal any effect of PCS treatment on

integrity .

Green et al. (1975a) tested Xroclors 1242 and 1254 for their
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'""""'ability to induce chromosomal damage in the bone marrow and sperm
cells of -rats. Aroclor 1242 was administered either in aingle
doses of 1250, 2500 and 5000 ag/kg, or as four daily doses of 500
mg/kgr Aroelor 1254 was tested using three different dosage
regimens, i.e. five daily doses of either 75, 150, or 300 mg/kg.
The two highest doses of Aroelor 1254 and all doses of Aroelor 1242
caused a loss of body weight in these animals and the multiple
doses of Aroelor 1242 killed half of the test animals. Even though
considerable systemic toxicity was observed at these doses, neither
Aroelor was found to induce chromosomal damage in sperm cells or
bone marrow cells. Dikshith et al. (1975) similarly reported that
PCBs do not produce chromosomal abnormalities in the sperm cells of
rats exposed to seven daily dosages of 50 mg/kg of Aroelor 1254.
The results of these two studies were later reproduced and
substantiated by Garthoff et al. (1977) . Male rats were fed
dietury levels of 5, 50 or 500 ppm of Aroelor 1254 for 5 weeks
after which sperm and bone marrow cells were examined for
chromosomal damage; no evidence of chromosomal damage to either
cell line was obtained.

•

Several investigators have employed the micronucleus teat as a
measure of chromosomal damage. Studies using this test system have
reported that PCBs do not induce micronuclei in mice injected for
five consecutive days with Aroelor 1254 at doses approximating one
half of the LDso or at doses representing some fraction thereof
(Reddle and Bruce, 1977; Bruce and Heddle, 1979; Jenssen and Ramel,
i960) . The doses used in these studies also failed to induce sperm
.abnormalities believed to be indicative of mutations or chromosomal
deletions.

Using Prpaophila mglanoymtter and Bembyx mori as the eukaryote
test species, neither of the French PCS mixtures, Clophen 30 or
Clophen 50 produced chromosomal aberrations (Nilsson and Ramel,
1974) .

In conjunction with a study measuring the effects of PCBs on
the breeding success of Ring Doves fed a 10 -ppm diet of Aroclor
1254, Peakall et al. (1972) also reported the incidence of
chromosomal aberrations in eggs of the birds. The average
aberration rate changed from 0.8% in controls to 1.8% in the PCB
treated birds. However, the average rate of chromosomal aberrations
measured in the eggs of PCB pretreated birds was only higher than
the highest control value in 4/17 eggs and the authors indicated
that these results were inconclusive. By comparison, Aroelor 1242 .
has been injected into the eggs of white Leghorn chickens until PCB
concentrations reached 20 ppm (Blazak and Ma rerun, 1975) . Even
though concentrations were clearly toxic, evidence of chromosomal
aberrations was not observed.

4.3 Dominant Lethal tests

Green et al. (1975b) reported that Aroelor 1242 administered
as single doses of 625, 1250 and 2500 mg/kg or after five daily
donages of 125 or 250 mg/kg failed to induce dominant lethal
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mutations in the rat. Aroclor 1254 administered for five days at
dosages of 75» 150 or 300 »g/kg—or-at dietary lave Is of 25 or 100
pprn for, 70 days wast likewise without effect. Keplioger et ml.
U9>72) and Calandra et al. (1976) tested Aroclors 1212, 1254 and
1260 in mice at dosages of 500 or 1000 mg/kg and also found them to
b« without dominant lethal effects.

4.4 Dim Damage Studies

On the basis of sedimentation rates, Stadnicki et al. (1979)
have reported that the epoxide of tetrachlorobiphenyl caused
single-stranded chromosomal breaks in the DKA of L-929 cells at
concentrations ranging from 1 ug/ml to 100 ug/ml. A mixture of two
hydroxylated metabolites, and to a much lesser extent
tetrachlorobiphenyl, caused some damage at 20 ug/ml and what was
reported as significant damage at 100 ug/ml. The significance of
this single in vitro test is questionable, given the fact that the
epoxide metabolite was the only chemical species demonstrating a
strong activity in this test system. This conclusion has been
reached in part because the authors, on the basis of this study,
similarly concluded that the epoxide metabolite is the only
chemical species of interest with regards to its potential
carcinogenicxty. However, all mammalian tests as well those in
vitro tests containing some activation system were negative*
ndicating that either the epoxide is not genotoxic in other test

,,y stems or quantities of the epoxide sufficient to produce
"""cfenotoxicity are not generated in vivo.

4.5 Cell Transformation Studies

Horback et al. (1981) reported that Aroclor 1254 transformed
C3H10T11/2 cells to Type III foci after six weeks of continuous
exposure to 10 ug/ml of Aroelor 1254, while a concentration of 1
ug/ml did not. The authors suggested thst these results indicate
that the effects of PCBs in cell culture may include promotion. In
contrast to this study, Pienta (1980) reported Aroelor 125.4 did not
induce cell transformations after eight days of exposure when
utilizing Syrian hamster embryo cells. The highest dose tested
was 50 u,g/ml, which was five times the highest dose later used by
Nor back, et al. (1981).

' • w

The results of the preceding studies have been summarized
on the next page in Table 10. Given the fact that the only test
reported as positive is one of questionable significance, the
number of times PCBs have been tested and found to be without
significant genotoxicity lead inevitably -to the conclusion that
thesis compounds should be considered to be without evidence of
genotoxic activity.

25



Table) 10

DKA damage Mutation Chromosomal damage Cell Transformation

Frokaryotes Heg.(21/12) Heg.(2/2)

Mammalian cells res.7(1/1) Keg.(C/f) Heg. (2/2)
(in vitro )

Mammals Keg.(3/3)
(in vivo )

Human cells Keg.(1/1)
(in vitro )

The first number in the parentheses indicates the total number of times an Aroclor
was tested, the second number in parentheses indicates the total number of tiaes a
specific test strain or cell line was tested. Thus, the results followed by the
lartrer numbers in parentheses represent the results most likely to be reproduced
further testing is performed in the future.

*, i' 5.0 Summary of Data Reviewed aad evaluation

5.1 Evaluation of Animal Evidence for Carciaogeaicity of
PClts

The investigation of PCBs' carcinogenic potential in mice is
limited to two short studies, while some eight to tan studies have
been reported using various strains of rat. The PCB mixtures tested
thus far are : 1) in sulce - Kanechlor 300, Kanechlor 400, Kanechlor
500 and Aroclor 1254; aad 2) in rats - Kanechlor 300, Kanechlor
400, Kanechlor 500, Clophen A30, Clophen A60, Aroclor 1254 and
Aroclor 1260.

PCBs have been found to be tumorigenic in mice with Aroclor
1254 producing hepatomas after 11 months of exposure and Kanechlor
500 (similar in composition to Aroclor 1254) inducing
hepatocellular carcinomas after 8 months of exposure. These lesions
were shown to be reversible and specific for the dose (500 ppm) and
chlorination of the PCB mixture.

In rats, Aroclor 1260 or its equivalent, Clophen A60, have
produced hepatocellular carcinomas in three studies at doses of
approximately 100 ppm, a dose which appears to represent the
maximally tolerated dose for rats. A review of these three studies
indicates that the tumors occur very late in the life of the

MI, animal, with a significant incidence of tumors only beginning to
appear after about two years of exposure. Of interest is the fact
that in all three studies the PCB treatment, while increasing the
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incidence, of livar cancer, did not incraaaa tha total tumor
incidence. Tha total tumor incidencer-waa not increased in these
studies' bacausa in each case the incidanca of otbar tumor types had
baan significantly dacraaaad. This suggestion of antitumor activity
of PCB» haa also baan demonstrated in a study examining the effect
of PC8 exposure on tha final tumor incidanca in animals following
th« transplantation of tha Walker 256 sarcoma. Tha af facts of
chronic PCs-treatment was not life-shortening, and in fact in two
of thu studias tha morbidity and mortality of tha animals was
actually decreased by PCS treatment. Furthermore, while tha tumors
ar« described as malignant, i.e. hepatocellular carcinomas, in none
of the three studias did the liver tumors metastasize to other
organs even though metastases would be expected if the tumors ware
malignant. So from these studias it is evident that PCB-treatment
does not increase tha total cancer risk in these animals, rather it
shifts tha incidence of the type of tumors observed by
significantly dacraasing some tumor types while enhancing tha
incidence of livar tumors. Lastly, PCS mixtures of lesser
chlorination, i.e. Aroclor 1254 and Clophan X30 (similar in
composition to Aroclor 1242, sea table 1.4, page 8, of Brinkman and
DeXok, 1980) , have been examined in two separate studies and found
not to ba carcinogenic. Thus, conclusions to be drawn from the rat
dlata, lika-tha mouse data, are specific for the dose and degree of
-hlorination of tha PCS mixture being tested.

!«•'' Possibly because PCBs produce liver hypertrophy, they enhance
the tuiaorigenesis of certain liver carcinogens if given after the
carcinogen in question has had an opportunity to initiate tumors.
How«v«tr, if tha PCB exposure precedes or is concomitant with
exposure to livar carcinogens tha tumorigenic response is typically
decreased, probably as a rasult of an enhanced metabolic
detoxification of tha carcinogen.

To summarize, tha qualitative human relevance of the
carcinogenic activity of PCBs based on tha animal data is limited.
The studies providing some evidence of its carcinogenic activity
are specific for the degree of chlorination of the PCB mixture, the
total tumor incidence is not increased, and tha tumors produced
occur only vary late in tha life of the animal and have no adverse
effect: on the morbidity or mortality of the animal. There are other
considerations that limit concern for the carcinogenic data in rats
as wall. PCBs ara not mutagenic, and the mechanism of tumorigenesis
for these compounds therefore would appear to involve an epigenetic
mechanism. Thera is also substantial evidence that the doses used
to induce tumors in rats are hepatotoxic, and evidence indicating
tha neoplasms induced by PCBs are reversible if the exposure is
terminated -bafore the animal has been exposed for a considerable
portion of the animal's lifespan.* All -of- these findings sariously
undermine tha human relevance of tha animal carcinogenicity data.
This is particularly true as the human dosages from past and
^present human exposures ara far lower than those used in the animal
studies. Given these considerations, it is' concluded that the
animal data provides sufficient evlei*n£» of
that PCBs of 60% chlorine content (e.g. Aroclor 1260/Clophen A60)
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art* -carcinogenic in animals . For PCBs having a chlorine competition
of 54% (e.g. Aroelor 1254/Kanechlor 500) there

_

of carcinogeaicity ia animals because the larger and
laager »tudy ia rats was negative, a finding snggastiag that the
reversible effects reported ia mica may hava resulted fro* a
promotion of tha substantial background incidanca of livar tumors
occurring in this spacias. For tha ramaining commercial PCB
mixturas (i.a. Aroelor 1248, Xroclor 1242, Kanachlor 400,
Kanechlor 300, and Clophan A30) thara is aithar no mvid+ncm or
insufficient mvidmncm for tha carcinoganicity of thasa mixturas in
animals .

5,,2 Evaluation of Ipidamiological Ividanca for
Ciircinogenieity of FCBa

Evidenca for human carcinogenicity would ba suppliad if tha
two major apidamiological studias of PCB-exposed workers
demonstrated a consiatant incraasa in cancar mortality. This
increase should show a positive correlation with exposure and
evidence of latency. Tha evidence for carcinogenicity would be
strengthened if tha incidence of specific types or sites of
neoplasms were consistently elevated. In reviewing the data from
these two cohorts* none of these conditions are mat.

While Bertazzi at al. (1986), in their study of Italian
PCB-exposed workers, found a statistically significant elevation in
the rate of cancer mortality among both male and female workers,
the much larger study of Brown found no increase in cancer
mortality. In tha Brown study, there were higher-than-expected
incidences of rectal and livar cancer. Evidence for an association
between PCB exposure and these malignancy types cannot be
considered strong, however, in that: 1) no cases of rectal cancer
were observed after tha initial report, suggesting that this
increased rate was anomalous, 2) the number of cases of liver
cancer observed ia this study is not appreciably greater than
expected when examined without total number of liver neoplasms used
by Brown which includes those liver cancers that have metastasized
from other organa, 3) ia comparison, tha study by Bertaxzi at al.
found only one case of liver cancer and no cases of rectal cancer
in their cohort, and 4) tha absence of a clear association with
latency or relationship with duration of exposure.

The primary sites of neoplasms contributing to the
higher-than-expected cancar mortality rates in the Bertazzi studies
were located ia the digestive system and the hematopoietic and
lymphatic systems. These were not increased in the larger cohort
reported by Brown. Further, in the Bertazzi cohort, there was no
evidence of latency or relationship between cancer mortality and
exposure to PCBs. It should also be noted that in the larger of the
two subdivisions of their cohort, tha female workers, differences
in incidences of causes of death presumably unrelated to PCB
exposure (viz., increases in accidental death and decreases in
deaths from cardiovascular disease) were of similar magnitude as
increases in death from malignant tumors. This suggests, at least
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>r this group, that other confounding variables nay exist.

'' In summary, epttieadological evidence for human carcinogenicity
of PCais is at present weak and neatly negative. As such, until
larger epideaiological studies can be completed, the data must be
Considered J.n*d&<Tumt* tn fhmrmctmrlx* 9CSs as human ea

S . 3 Evaluation

There is sufficient evidence of llmi^md human f
for the carcinogenicity of Aroclor 1260 in animals.

The human evidence for carcinogenicity of this compound is

Xreelor 12S4 /1f*n»ehlor §00 ;
There is inatiequate evidencm for the carcinogenicity of

Aroclor 1254 in animals.

The human evidence for carcinogenicity is negative but

Xroelor l?48/1t»n*e'hloT' 400 ;
There is no evldmnce/lnsufflclmnt gvirfangg for the

caircinogenicity of Aroclor 1248 in animals.

The human evidence for carcinogenicity is negative but

Cloph«n X30/1C»n«ehlor 3PO/Xroelor 124? •
There is either no *vidmncm or insufficient, evidgncg for

the carcinogenicity of these mixtures in animals.

The human evidence for carcinogenicity is negative but
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EXPOSURE ASSESSMENT FOR SMALL BURROWING ANIMALS
i

l&aily incakt of PCB« (ag/kg/day) (I)

]PCB« are taken In through the skin, the lungs, and th« mouth.
f
1 • ID + Ii + IQ ID " Dermal intake

Ij » Inhalation intake
IQ " Oral intake

Dermal uptake is a function of the efficiency of absorption through the skin,
i:he surface area exposed, and the PCBs in the soil covering the skin.

:cD - EDSLCS
EQ - Efficiency of absorption of

- 0.05/day x 36cn2 x 10"6kg/ca2 x Cs PCBs in soil through the skin
' • 0.OS/day (Hwang et al 1986

p.12-16)

S - Surface area exposed on a
30g vole

• 36 cm2/30g/day. Includes ear
pinnae, legs, underbelly, face
and tail

- 0.00006/day C« L - Soil layer, assumed -1.0 mg/cm2

- 10~6kg/cm2

GS • Concentration in the soil

NOTE: There are no published reports of dermal uptake of PCBs in soil for
voles. The rate chosen was one assumed for PCBs by Hwang (1986).
Poiger and Schlatter (1979) report an uptake rate of 2.2Z/day for
TCDD in rats. The skin of rats is thicker than the skin of most voles,
so absorption would be expected to be somewhat higher in voles.

The soil layer on the skin of the vole was estimated using the
assumption of two times the soil covering found by Lepow et al (1975)
on urban children (2 x 0.5116 mg/cm2 - 1.023). This may be an
underestimate for ear pinnae and other areas that are relatively
naked and well vascularized but an overestimate in furry areas.

Inhalation intake

The concentration of PCBs in tne vapor of the burrow was calculated using the
nethod of MacKay (1985 and pers. comm.) assuming equal fugacities in the soil
and air.



Concentration of PCBs in Che air of a burrow
>•.,,..*'

K»u • H (Pa a3/mol)
8.314 Pa mj/mol K* x T

202.6 Pa m3/mol
(8.314 Pa m-Vmol K* x 283.2 K'

Source: Mackay 198S
KAW " Air w«cer partition

coefficient

T • Temperature assumed 10*C
- 283.2K'

R - 8.314 Pa m3/mol K
H - Henry's law constant

- 2.0 x 10"3 atm o3/mol 25*C
(Aroclor 1254)

- 2.0 x 10~3 ata B3/nol x
101325 Pa
atm

- 202.6 Pa m3/mol

KAW " 0-0860

KD

OC

Soil water partition coefficient (L/kg)

Fraction organic carbon (assumed • 0.02)

• Soil organic carbon partitioning
coefficient (following Kenaga and Goring
1980) (log KQC - 0.544 log Roy + 1.377)

KD * KOCOC

- 45392 x 0.02
- 907.84

p - Soil bulk density (assumed to be
- 1.04 g/cm3, the average in Brady (1974)
(p. 53) for uncropped soil)

KAS " KAW/P^D *AS ™ Air 8oil Particioning coefficient

- 0.08607(907.84 x .96 L/kg)

- 9.868 x 10~5kg/L

Bush et al (1986) measured the concentration in air over contaminated soil.
When these data are converted to an estimate of the KAg, they yield a value
of 1.186 x 10~6kg/L. As expected, this is below the theoretical constant
at equilibrium. Even on the calm day that the measurement was taken, one
can expect that equilibrium will not be attained because of some diffusion
and convection away from the site.
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As a worst case, consider small mammals like the pocket gopher, or mole,
which spend virtually all of their time in burrows, with the burrow sealed
off (Chase et al 1983); (Tates and Pedersen 1983).

Inhalation la assumed to have two phases, an active phase and a" resting phase.
TKe animal is assumed to have the same activity patterns as a pocket gopher
(Chapman and Feldhamer, 1982 p. 248) and a respiration rate ratio (active:
resting) equivalent to that given by Vleck (1979) for pocket gophers. It is
assumed that vapor and dust are inhaled during the active phase, but only
vapor is inhaled during the resting phase.

(VA + VR) + VAD)/W VA • Volume inhaled during active
part of day - RTAM (L/day)

• CS

(RTAM + RTR) + RTAMD)/W VR - Volume inhaled while resting
- RTR (L/day)

R - Resting respiration rate
- 1.5 L/hr

- Cs (9.868 x 10"
5kg/L x 1.5 L/hr TA - Time spent active per day - 9 hr/day

(9 hr/day x A.I + 15 hr/day) +

(1.5 L/hr x 9 hr/day x 4.1

x 10~10kg/L)/0.03kg

- Cs x 0.256/day

Oral intake

M - Active/resting rate - 4.1

TR • Time spent resting/day « 15 hr/day

D

W

* Dust level (assumed - 10
USEPA) - 10-10kg/L

• weight * 30g - 0.03kg

Oral intake is a function of Che ingescion race of food, soil, and water,
the concentration of PCBs in plants as a function of Che concencration in
soil, and the efficiency of dietary absorption.

Iy • Ingestion race of PCBs in wacer
Ip - Ingescion rate of PCBs in food

Ig - Ingescion race of PCBs in soil
assumed to be 10Z of diet

Ry - Rate of ingescion of water - 1.0Z/'day

R_ • Race of ingescion of food
- 0.2/day

- 0.01 Cs/907.84

- 1.1 x 10~5C-
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If • RpBCFpCs BCFp • Bioconcentration factor for plants

- • 0.2/day x 0.10 Cs - 101 (Bush ec al 1986)

- 0.02/day Cg KD - Soil water partitioning coefficient
Cv - CS/KD

Ig - RS Cs Rs - Rate of ingestion of soil (assuming
5Z of diet is food)

- .01 Cs - .05 x RF - .01

I0 - Cs (1.1 x 10"
5/day + 0.02/day + 0.01/day)

- 0.030/day Cs

i - ID + ix + IQ

- Cs (0.00006/day -I- 0.256/day + 0.030/day) x Cs

» 0.286/day x Cg

A diet of 1 ppm PCBs has been found to increase the liver weights in F]_
male weanling rats (Linder et al 1974) and decrease the circulating levels
of adrenal cortex hormone B (Byrne et al 1988). If a small mammal consumes
20 percent of its body weight per day, 1 ppm in the diet is equivalent to
0.2 mg/kg/day. At this dietary level, the soil concentration would be 0.7
mg/kg.

if 1 ppm »> 1 mg/kg in food x 0.2 kg food - 0.2 mg/kg/day
kg body wt/day

if 10 ppm -> 1 mg/kg x 0.2 kg food • 2 mg/kg/day
kg body wt/day

0.2 mg/kg/day - (0.28^/day) Cs

Cs • 0.2 mg/kg/day - Cs
0.286/day

- 0.699 mg/kg



A diet of 10 to 20 pp« decrease* Che weight of reproductive organs,
•-"' growth rate and reproductive success of second generation white-footed

•ice (Linzey 1988, Under 1974). At this dietary level, the Mil
concentration would be 7 mg/kg to 14 ag/kg.

s-

Cg - 2 «g/kg/day
0.286/day

« 6.99 ag/kg


